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A M ic r o s t r u c tu r a l  P e r s p e c t iv e  of O rogenesis  in  th e  P ioneer  
M ountains, C e n t ra l  Id a h o .
D ire c to r :  Dr. James W. Sears
The P ionee r  Mountains of c e n t r a l  Idaho c o n ta in  complexly de­
formed P r o te ro z o ic  and P a leo zo ic  metamorphic and sedim entary  ro ck s .  
M ic r o s t r u c tu r a l  r e l a t i o n s h i p s  show th a t  the  Devonian M il l ig e n  For­
m ation underwent th re e  m ic r o s t r u c tu r a l  d e fo rm a tio n s .  A ll  o th e r  
P a leo zo ic  fo rm ations  c o n ta in  one o r two g e n e ra t io n s  of 
m ic r o s t r u c t u r e s .
The f i r s t  m i c r o s t r u c tu r a l  defo rm ation  of the  M il l ig e n  Form ation, 
d u r in g  th e  La te  Devonian A n t le r  Orogeny, i s  re p re se n te d  by fo lded  
f r a c t u r e s  and bedding and by a p e n e t r a t i v e  c h l o r i t e  f o l i a t i o n .  A 
l a y e r - p a r a l l e l  c h l o r i t e  f o l i a t i o n  in  th e  O rdovic ian  to  S i l u r i a n  
combined Ph i K appa-T ra il  Creek Formation and th e  unnamed 
D ev o n ian -S i lu r ian  u n i t  may be r e l a t e d  to  th e  A n t le r  Orogeny.
D ep o s it io n  of the  P ennsy lvan ian  to  Permian Wood R iver Formation 
produced th e  two f r a c t u r e  s e t s  and p e n e t r a t i v e  p r e s s u r e - s o lu t io n  
c leavage  of th e  second m ic r o s t r u c tu r a l  defo rm ation  in  th e  u nde rly ­
ing  M il l ig e n  Form ation. C o n cu rren tly ,  the  Wood R iver Formation 
developed a weak, l a y e r - p a r a l l e l  p r e s s u r e - s o lu t i o n  c leavage .
Late  C re taceous c o n ta c t  metamorphic t r e m o l i t e  in  the  combined Phi 
K appa-T ra il  Creek Formation i s  c ro s sc u t  by a l a y e r - p a r a l l e l  
p r e s s u r e - s o lu t i o n  c leavage which a l s o  developed in  th e  unnamed 
D ev o n ian -S i lu r ian  u n i t .
The th i r d  m ic r o s t r u c tu r a l  defo rm ation  of the  M il l ig e n  Formation 
formed s e v e r a l  sh ea r  f a b r i c s ,  c r e n u l a t i o n s , and f r a c t u r e s .  This 
i s  c o ev a l ly  and s t r u c t u r a l l y  p a r a l l e l e d  in  the  combined Phi Kappa- 
T r a i l  Creek Form ation, and r e l a t e s  to  Paleocene  movement on the  
P io n ee r  T h ru s t .
M ic ro s t ru c tu re s  in  th e  G lide Mountain P l a t e  and the  Copper Basin 
P l a t e  of th e  M is s is s ip p ia n  Copper Basin  Formation developed d u r­
ing the  Paleocene and L a te  C re taceous r e s p e c t iv e ly .  M ic ro s tru c ­
tu re s  in  the  G lide  Mountain P la te  in c lu d e  f r a c tu r e s  and a 
p e n e t r a t i v e ,  a x i a l  p lan e  p r e s s u r e - s o lu t io n  c leav ag e .
A p a l i n s p a s t i c  r e s t o r a t i o n  o f th e  P io n ee r  Mountains shows the  
s t r u c t u r a l  e q u iv a len ce  of the  Wood R iver T h rust  and th e  W ildhorse 
T h ru s t  th a t  c a r r i e s  the  Copper B asin  P l a t e .  The P ioneer  T h ru s t ,  
shown to  be a l a t e - s t a g e  sp lay  o f f  the  G lide  Mountain T h ru s t ,  has 
only  10 to  15 km of o f f s e t ,  f a r  l e s s  than  the  p re v io u s ly  e s t im a ted  
100+ km.
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INTRODUCTION
The P ioneer Mountains o f  c e n t r a l  Idaho (F igure  1) c o n s i s t  o f  a 
complexly th r u s te d  and deformed s u i t e  of rocks rang ing  from P ro te ro z o ic  
X c r y s t a l l i n e  basement to  P a leo zo ic  m etasedim entary  and sed im entary  
ro c k s .  The complex g eo lo g ic  s t r u c t u r e s  o f  the  P ioneer  Mountains have 
been a t t r i b u t e d  to  de fo rm ations  during  the  Late Devonian A n t le r  Orogeny 
and the  Mesozoic o r  E a rly  T e r t i a r y  S ev ie r  Orogeny (R oberts  and
Thomasson, 1964; Dover, 1969,1980,1981; Dover e t  a l . ,  1980; N i ls e n ,  
1977; Poole and Sandberg, 1977; Sandberg e t  a l . ,  1975, Skipp and H a l l ,  
1975; Skipp and Sandberg, 1975). M is s is s ip p ia n  sedim ents in  the  
P ionee r  Mountains a r e  w idely  i n te r p r e te d  as f ly s c h  d ep o s i ted  in  the
fo r e la n d  tro u g h  o f  the  A n t le r  Highland (Roberts  and Thomasson, 1964;
P a u l i  e t  a l . ,  1972; N ils e n ,  1977; Poole and Sandberg, 1977).
F ur therm ore , R oberts  and Thomasson (1964), B u rc h f ie l  and Davis 
(1972 ,1975) , and Sandberg and Poole (1977) p ro je c te d  the  c l a s s i c  A n tle r  
Orogenic Roberts  Mountains T hrust  of Nevada under the  Snake R iver P la in  
and through the  P ionee r  Mountains in  c e n t r a l  Idaho (F igure  2 ) .
Recent mapping and p a lé o n to lo g ie  evidence c o l l e c te d  by Dover e t  a l .  
(1980) shows th a t  a l l  t h r u s t  f a u l t s  p r e s e n t ly  recogn ized  in  the  P ionee r  
Mountains a re  younger than  th e  A n t le r  Orogeny , and most l i k e l y  a re  the  
r e s u l t  o f  d e fo rm a tio n  d u ring  th e  Mesozoic or E arly  T e r t i a r y  S ev ier  
Orogeny (Dover, 1980, 1981; Dover e t  a l . ,  1980). In  o th e r  p a r t s  o f  the  
P io n ee r  Mountains N ilsen  (1977) , Skipp and H a ll  (1975) , and Skipp and 
Sandberg (1975) made the  same i n t e r p r e t a t i o n  based on s im i la r  ev id en ce .  
The a l lo c h th o n o u s  n a tu re  o f  the  M is s is s ip p ia n  sedim ents in  the  P ionee r  
M ountains, and a lack  of a w e l l  d e f in ed  M is s is s ip p ia n  o ve rlap  assemblage
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3
such a s  th a t  which d e f in e s  th e  A n t le r  Orogeny in  Nevada (R o b e r ts ,  1964; 
McKee, 1976; Smith and K e tn e r ,  1975, 1977; Speed and S leep , 1982)
f u r t h e r  a rgues  a g a in s t  a c l a s s i c  A n t le r  Orogenic g en es is  fo r  th e  
com plica ted  s t r u c tu r e s  in  th e  P io n ee r  M ountains. To d a t e ,  no p rev ious  
g e o lo g ic  i n v e s t i g a t i o n s  in  th e  P ionee r  Mountains u n eq u iv o ca lly  prove the  
p resen ce  o f  s t r u c t u r e s  r e l a t e d  to  the  A n t le r  Orogeny.
P rev ious  workers c o n ce n tra te d  on u n ra v e l l in g  th e  l a r g e - s c a le  
s t r u c t u r a l  r e l a t i o n s h i p s  of th e  P a leo zo ic  rocks  in  the  P ioneer  Mountains 
in  an e f f o r t  to  g a in  a b e t t e r  u n d e rs tan d in g  o f  th e  s t r a t ig r a p h y  and 
sedim entology o f  those  ro c k s .  Only Dover (1969) focussed on 
s m a l l e r - s c a l e , d e t a i l e d  s t r u c t u r a l  a n a l y s i s ,  a l th o u g h  h is  s tudy 
c o n c e n tra te d  on th e  c r y s t a l l i n e  rocks in  the  P ioneer Window. In  t h i s  
s tu d y ,  I  combine i n t e r p r e t a t i o n s  of m ic r o s t r u c tu r a l  r e l a t i o n s h i p s  w ith  
in f e r r e d  ages o f  metamorphism to  show th a t  the  A n tle r  Orogeny is  
m i c r o s t r u c tu r a l ly  r e p re s e n te d  in  a t  l e a s t  one o f the  a l lo ch thonous  
fo rm atio n s  in  th e  P ionee r  M ountains. I  f u r t h e r  show t h a t  most of the  
m ic ro s t ru c tu re s  in  th e  P a leo zo ic  rocks in  the  P ionee r  Mountains r e s u l t e d  
from L a te s t  C re taceous  to  Paleocene de fo rm a tio n . Using th e  above 
i n t e r p r e t a t i o n s  to g e th e r  w ith  a  r e i n t e r p r e t a t i o n  of D over 's  1981 
g e o lo g ic  map o f  th e  P io n e e r  Mountains (P la te  1 ) ,  I  sy n th e s iz e  a new 
model o f  the  s t r u c t u r a l  e v o lu t io n  o f  th e  P ionee r  M ountains. As a 
s i d e l i g h t  o f  th e  s y n th e s i s ,  I  e s t a b l i s h  the  equ ivalence  of s e v e ra l  of 
the  major t h r u s t  f a u l t s  c u r r e n t ly  mapped in  th e  P ioneer  M ountains.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
REGIONAL GEOLOGY
The P ioneer  Mountains l i e  j u s t  e a s t  o f  th e  Idaho B a th o l i th  w ith in  
the  B asin  and Range e x te n s io n a l  p rov ince  (F igure  3 ) .  Autochthonous or 
parau toch thonous  P r o te r o z o ic  and P a leo zo ic  m io g eo c lin a l  sedim entary  
rocks a re  exposed in  n o r th w e s t - t r e n d in g  f a u l t  bounded mountain ranges 
n o r th  and sou th  of th e  Snake R iver P la in  (F igure  3 ) .  These rocks have 
been in t ru d e d  by C retaceous g r a n i t i c  ro c k s ,  and covered by T e r t i a r y  and 
Q uaternary  v o lc a n ic  d e p o s i t s  (F igure  3 ) .  E x tens ive  Quaternary  
sed im en ta t io n  has covered a l l  o f  the  above ro c k s ,  but f a u l t i n g  during  
r e c e n t  Basin  and Range e x te n s io n  c u ts  th e  Q uaternary  d e p o s i t s  (F igure  
3 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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GEOLOGY OF THE PIONEER MOUNTAINS
The g e o lo g ic  map o f the  B o u ld e r-P io n ee r  W ilderness Study Area by 
Dover (1981) was the  base  map used in  t h i s  s tu d y .  A ccord ing ly , th e  map 
u n i t s  and t h e i r  s t r u c t u r a l  r e l a t i o n s h i p s  as mapped by Dover (1981) a re  
d e s c r ib e d  h e r e in .  Table 1 p r e s e n ts  th e  a g es ,  th i c k n e s s e s ,  l i t h o l o g i e s ,  
r e g io n a l  c o r r e l a t i o n s ,  and s t r u c t u r a l  s t a t u s e s  o f th e  map u n i t s .  
F ig u res  4 and 5 show g ro ss  s t r u c t u r a l  r e l a t i o n s h i p s ,  and P la te  1 shows 
the  d e t a i l e d  g e o lo g ic  r e l a t i o n s h i p s  and rock  sample s i t e s .
The P ioneer  Mountains c o n ta in  P a leo zo ic  sed im entary  rocks in  four 
d i s t i n c t  a l lo c h th o n s .  The Wood R iver A lloch thon  c a r r i e s  the  shallow  (?) 
m arine f a c ie s  Wood R iver Form ation on th e  Wood R iver T hrust (Dover, 
1981). The Sun V alley  A lloch thon  c a r r i e s  the  deep-w ater  t r a n s i t i o n a l  
f a c ie s  M il l ig e n  Form ation (Sandberg e t  a l . ,  1975), th e  t r a n s i t i o n a l  
f a c ie s  unnamed D e v o n ian -S i lu r ian  u n i t  (Dover, 1981), th e  t r a n s i t i o n a l  
f a c i e s  combined Phi K appa-T ra il  Creek Formation (Dover, 1981), f ly s c h  of 
the  G lide  Mountain P la te  o f  th e  Copper Basin Form ation (Dover, 1981), 
and th e  Wood R iver A llo ch th o n , on th e  P ionee r  T h ru s t  (Dover, 1969, 
1981). The P ionee r  T h rus t  moved th e  Sun V alley  A lloch thon  over 
c r y s t a l l i n e  rocks in  th e  P io n ee r  Window, and over bo th  s t r u c t u r a l  p l a t e s  
o f  th e  Copper Basin Form ation . The G lide Mountain P la te  of the  Copper 
B asin  Formation (Dover, 1981) moved f ly s c h  f a c i e s  (N ilse n ,  1977) over 
c r a to n a l l y - d e r iv e d  f a c i e s  (N i ls e n ,  1977) o f  th e  Copper Basin P l a t e ,  on 
th e  G lide  Mountain T h ru s t .  The W ildhorse T hrus t  i s  by d e f i n i t i o n  the  
t h r u s t  t h a t  s e p a r a te s  th e  s t r u c t u r a l  p l a t e s  o f  th e  Copper Basin 
Form ation from the  c r y s t a l l i n e  rocks in  th e  P ionee r  Window (Dover, 
1981). This t h r u s t  c a r r i e d  th e  G lide Mountain P la te  over th e






























C h a in s  Volcanics
AGE
Eocene (42 .0-49.2  NT)
THICBIESS LITNOLOST
b a s a l t ,  a n d és ite , l a t i t e ,  rh y o li te
REGIONAL CORRELATION STRUCTURAL STATUS
Plutons and 
Stacks
Eocene (40 .2-50.0) quartz  monzonite
In tru s iv e  sh ee t 
o f the Pioneer 
Window
L ates t Cretaceous 
(65.9 MY. re s e t ?) quartz  d io r i te allochthonous
C la s tic  Rocks L a te s t Cretaceous (?) 
to  Paleocene (?) 100* « pebble to  boulder conglomerate
Wood River 
Formation
Middle Pennsylvanian to  
Early Permian 3000* M
lim estone, conglomerate, q u a r tz i te ,  
cherty  a r g i l l i t e allochthonous
Copper Basin 
Formation:
1) S lide  Mountain 
P la te
2) Copper Basin 
P la te
a - L i t t l e  Copper 
Hemher
b> Druitmond Mine 
Limestone
c Upper C la s tic  
Member
M ississippian
Early M ississippian  






pebble to  boulder conglomerate, 
q u a r tz i te ,  a r g i l l i t e
a r g i l l i t e ,  q u a r tz i te ,  granule 
conglomerate
s i l t y  lim estone to  lin y  s i  I ts to n e






Mil 11 gen 
Formation Devonian 1200* M
re c ry s ta l l iz e d  c h e r t ,  a r g i l l i t e ,  s i l t y  
a r g i l l i t e ,  c h lo r i t ic  a r g i l l i t e  and 
s i l t s to n e ,  p h y l l i te ,  lim estone, dolomite
Woodruff Formation (Nevada) allochthonous
unnamed Devonian- 
S ilu ria n  u n it
Late S ilu r ia n  to  
Late Devonian 300* M
carbonaceous a r g i l l i t e ,  lim estone, lin y  
to  doloraitic  si I ts to n e , p h y l l i t i c  s i l t s to n allochthonous
combined Phi Kappa- 
T ra il Creek 
Formation
Early Ordovician to 
Middle S ilu rian 300+ M
carbonaceous a r g i l l i t e  and s i l t s to n e ,  fine  
grained q u a r tz i te ,  some contact 
metamorphic trem o lite
allochthonous
undivided rocks 
in the  Wildhorse 
and Dry Canyon 
Windows
Early Ordovician 
to  Early Devonian 900* M
dolom ite, lim estone, s i l t y  lim estone, 
c h e r t ,  and dolom itic  s i  Its to n e
Devonian and S ilu r ia n  c o rre la te s  
with Roberts Mountains Formation in 
Nevada and Idaho. Ordovician 
c o rre la te s  with Saturday Mountain 
Formation in Idaho, and with Hansen 




Middle to  Late 
Ordovician 500* M q u a r tz i te ,  m arble, c a lc - s i l ic a te  s c h is t  
and gneiss (an p h ib o lite  grade)
Saturday Mountain Formation, 
Ordovician rocksin Wildhorse Window, 
K innikinic Q u a rtz ite , E lla  Dolomite 




Ordovician o r  Late 
Proterozoic 1580* H
two mica s c h is t ,  q u a r tz i te ,  calc- 
s i l i c a te  gneiss (anph iho lite  grade)
Clayton Mine Q uartz ite  o r Yellow 
Jacket Formation(both u n its  located 
in Idaho)
allochthonous
Sneiss Complex P ro terozo ic  X (2 8T?) 2130* M m iqm atitic q u a rtzo -fe ld sp a th ic  g n e iss , 
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FIGURE 5 SCHEMATIC CROSS SECTION SHOWING DISTRIBUTION OF THRUST FAULTS, 
ALLOCHTHONS, AND FORMATIONS IN THE PIONEER MOUNTAINS
SYMBOLS EXPLAINED ON PLATE I NUMBERS {eg- 5) SHOW RELATIONS
DISCUSSED IN STRUCTURAL EVOLUTION 
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c r y s t a l l i n e  rocks  in  in  the  P io n ee r  Window, and c a r r i e d  the  Copper Basin 
P la te  o f  the  Copper Basin Form ation over s h e l f  f a c i e s  rocks in  the  
W ildhorse and Dry Canyon Windows, and over c r y s t a l l i n e  rocks in  th e  
P io n ee r  Window. Dover and Ross (1975) c o n s id e r  th e  s h e l f  f a c ie s  rocks 
in  th e  W ildhorse and Dry Canyon Windows to  be au toch th o n o u s , bu t Skipp 
and H a i t t  (1977) f e e l  t h a t  they  may be pa rau to ch th o n o u s .
Dover (1969) i n t e r p r e t e d  th e  am p h ib o li te  f a c i e s  m etasedim entary 
E ast Fork Form ation and Hyndman Peak Form ation to  be the  r e s u l t  of
synk inem atic  metamorphism. L ikew ise , Dover (1969) concluded th a t  the
q u a r tz  d i o r i t e  i n t r u s i v e  s h e e t ,  in  the  P ionee r  Window, was deformed
c o ev a l ly  w ith  th e  m etased im en ts .  P ro te ro z o ic  X m ig m a ti t ic  g n e iss  
(Dover, 1969), th e  East Fork Form ation , the  Hyndman Peak Form ation, and 
the  q u a r tz  d i o r i t e  i n t r u s i v e  sh ee t  make up an a l lo ch th o n o u s  or 
pa rau toch thonous s l i c e  o f  c r y s t a l l i n e  basement (Dover, 1980, 1981) now 
exposed in  th e  P ionee r  Window.
Eocene g r a n i t i c  p lu to n s  and s to ck s  in t ru d e  the  c r y s t a l l i n e  rocks of 
the  P ioneer  Window, th e  Sun V alley  A llo ch th o n , and the  Glide Mountain
and Copper Basin  P l a t e s  o f  the  Copper Basin Form ation . The Eocene 
C h a l l i s  V olcanics o v e r l i e  a Paleocene conglom erate  (Dover, 1981) 
composed o f rocks  from v a r io u s  u n i t s  d e sc r ib e d  above. The C h a l l i s  
V olcan ics  cover e x te n s iv e  p o r t io n s  o f  th e  P ionee r  M ountains.
High an g le  normal f a u l t s  cut a l l  o f  th e  above u n i t s .  Q uaternary  
sed im ents  ( g l a c i a l  d e p o s i t s ,  co lluv ium , and a llu v iu m ) cover every age of 
s t r u c t u r e  and a l l  rock  u n i t s  in  th e  P io n ee r  M ountains.
Vergence o f  f o ld s ,  and sed im entary  f a c i e s  j u x t a p o s i t i o n s ,  y i e ld  
eas tw ard  d i r e c t e d  movement o f  a l l  th e  a l lo c h th o n s  in  th e  P ioneer 
Mountains (Dover, 1969, 1980, 1981; Dover and Ross, 1975; Dover e t
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a l . ,  1980; H a ll  e t  a l . ,  1974; N i ls e n ,  1977; Sandberg e t  a l . ,  1975; 
Skipp and H a l l ,  1975; Skipp and Sandberg, 1975). The Wood R iver and 
Copper B asin  A lloch thons  have moved a few te n s  o f  k i lo m e te rs  (Dover, 
1981; N i ls e n ,  1977; H a l l  e t  a l . ,  1974). The Glide Mountain P la te  
p robab ly  moved 50 to  80 km (Dover, 1980; N i ls e n ,  1977), and the  Sun 
V alley  A lloch thon  may have moved more than  100 km (Dover, 1980, 1981).
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MICROSTRUCTURAL RELATIONSHIPS
The development o f  m ic r o s t r u c tu r e s  in  th e  P a leo zo ic  sedim entary  
rocks  o f  the  P io n ee r  Mountains v a r i e s  w id e ly .  This s e c t io n  d is c u s se s  
th e  tem poral r e l a t i o n s h i p s  between th e  m ic ro s t ru c tu re s  in  each form ation  
and u n i t  examined. Table 2 summarizes the  m ic ro s t ru c tu re s  in  each u n i t .  
Appendix A g iv e s  d e t a i l e d  l i t h o l o g i e  d e s c r ip t i o n s  o f  each th in  s e c t io n  
examined, and Appendix B d e sc r ib e s  th e  m ic ro s t ru c tu re s  in  each fo rm ation  
o r  u n i t .
WOOD RIVER ALLOCHTHON
Wood R iver Form ation
The p e n e t r a t i v e  p r e s s u r e - s o lu t i o n  c leavage  in  the  Wood River 
Formation was found on ly  in  th e  cores  of l a r g e - s c a l e  f o ld s ,  and i t  i s  
im portan t to  n o te  t h a t  i t  i s  l a y e r - p a r a l l e l ,  and no t a x i a l - p l a n a r .  This 
su g g es ts  th a t  th e  p r e s s u r e - s o lu t i o n  c leavage formed p r i o r  to  f o ld in g ,  
du ring  d ia g e n e s i s ,  and t h a t  th e  fo ld s  lo c a l iz e d  in  th e  p e n e t r a t i v e ly  
c leaved  zones . The la ck  o f  e x te n s iv e  t h r u s t  im b r ic a t io n  of the  Wood 
R iver Formation makes i t  u n l ik e ly  t h a t  the  p r e s s u r e - s o lu t io n  r e s u l t e d  
from t e c to n ic  lo a d in g .  The p r e s s u r e - s o lu t i o n  c leavage  of MTS-62 is  
com ple te ly  i r r o t a t i o n a l ,  d e s p i t e  be ing  from w i th in  20 m eters  of the  Wood 
R iver  T h ru s t .  This  su g g es ts  t h a t  th e r e  i s  no g e n e t ic  r e l a t i o n s h i p  
between th r u s t i n g  and fo rm atio n  o f th e  c leav ag e .
The la ck  o f  p e n e t r a t i v e  s t r a i n  f e a tu r e s  r e l a t a b l e  to  meso- and 
m acroscopic  s t r u c t u r a l  geom etr ie s  in  th e  Wood R iver A lloch thon  su g g es ts  
t h a t  de fo rm a tio n  o f  th e  Wood R iver Form ation always was b r i t t l e .
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14
B r i t t l e  f r a c t u r e  f e a tu r e s  mentioned above c l e a r l y  p o s td a te  the  
p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  f e a t u r e s .  These f r a c t u r e s  may be the  only 
m a n i f e s t a t io n  o f  b r i t t l e  l a r g e - s c a l e  d e fo rm a tio n .
SUN VALLEY ALLOCHTHON
Unnamed D ev o n ian -S i lu r ian  Unit
Both the  c h l o r i t e  f o l i a t i o n  and the  p r e s s u r e - s o lu t i o n  c leavage in  
the  unnamed D e v o n ian -S i lu r ian  u n i t  formed p a r a l l e l  to  primary la y e r in g .  
D esp ite  in te n se  meso- and m acroscopic  fo ld in g  and t h r u s t i n g ,  l i t t l e  of 
the  p e n e t r a t i v e  s t r a i n  r e l a t e s  to  d e fo rm a tio n a l  g eo m etr ie s .  A 
w ell-d ev e lo p ed  a x i a l - p l a n a r  c leavage  t ra n s p o se s  prim ary la y e r in g  in  
MTS-39, but i s  r e s t r i c t e d  to  th e  c h l o r i t i c  a r g i l l i t e  l a y e r s .  In  
g e n e r a l ,  the  m esoscopic s t r u c t u r e s  deform the  p e n e t r a t i v e  f a b r i c s  a t  the  
ou tc rop  s c a l e .  This su g g es ts  t h a t  bo th  th e  c h l o r i t e  f o l i a t i o n  and 
p r e s s u r e - s o lu t i o n  c leavage  formed by sed im entary  o r  t e c to n ic  load ing  of 
f l a t - l y i n g  (undeformed) rocks p r i o r  to  l a r g e r - s c a l e  de fo rm ation .
The lack  o f  p e n e t r a t i v e  f a b r i c s  r e l a t e d  to  th e  in te n s e  macroscopic 
d efo rm ation  o f  th e  unnamed D ev o n ian -S i lu r ian  u n i t  sugges ts  t h a t  the  
l a r g e - s c a l e  de fo rm ation  o ccu rred  when the  rocks were cool and b r i t t l e .  
I f  t h i s  i s  the  c a s e ,  then  th e r e  must have been s u f f i c i e n t  time fo r  the  
rocks  to  coo l fo llo w in g  g r e e n s c h is t  f a c ie s  metamorphism ( c h l o r i t e  
f o l i a t i o n ) .  A p r e - c h l o r i t e  f r a c t u r e  s e t  in d ic a te s  l i t h i f i c a t i o n  of the  
unnamed D e v o n ian -S i lu r ian  u n i t  p r i o r  to  metamorphism. This y ie ld s  a 
b r i t t l e  to  d u c t i l e  to  b r i t t l e  de fo rm a tio n  h i s to r y  fo r  the  unnamed 
D ev o n ian -S i lu r ian  u n i t .
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Combined Phi K appa-T ra il  Creek Form ation
C ontact metamorphism o f  th e  combined Phi K appa-T ra il  Creek 
Form ation preceded  a l l  de fo rm a tio n  o f t h i s  u n i t .  Contact metamorphic 
t r e m o l i t e  occu rs  as d i s o r i e n t e d  s in g le  g r a in s  and p o ly c r y s t a l l i n e  
a g g re g a te s .  The c h l o r i t e  in  th e  c h l o r i t e  f o l i a t i o n  v a r i e s  from 
m odera te ly  to  ve ry  s t ro n g ly  o r i e n t e d ,  bu t does no t show a c l e a r  
r e l a t i o n s h i p  w ith  the  t r e m o l i t e .  What i s  c l e a r  i s  t h a t  the  
p r e s s u r e - s o lu t io n  c leavage  c u ts  th e  t r e m o l i t e ,  and the  shear c leavage 
c u ts  th e  p r e s s u r e - s o lu t i o n  c le a v a g e .  The shear  c leavage makes a sm all 
ang le  ( l e s s  than  20 d eg re e s )  w i th  th e  l a y e r - p a r a l l e l  p r e s s u r e - s o lu t io n  
c leavage  where th e  p r e s s u r e - s o lu t io n  c leavage has been t ran sp o sed  w ith  
prim ary la y e r in g .  In  t u r n ,  th e  sh ea r  c leavage was c r e n u la te d ,  then  cut 
by the  t h in  s e c t io n  s c a le  t h r u s t  in  MTS-43. From th e  above 
r e l a t i o n s h i p s  i t  may be seen t h a t  th e  combined Phi K appa-T ra il  Creek 
Form ation proceded from c o n ta c t  metamorphism to  l a y e r - p a r a l l e l  
p r e s s u r e - s o lu t io n .  Mesoscopic fo ld in g  r e o r i e n te d  the  p r e s s u r e - s o lu t io n  
c leavage  and prim ary  la y e r in g  p r i o r  t o ,  and during  (? )  sh e a r in g .  The 
sh ea r  c leavage  c ro s s c u t  a l l  p e n e t r a t i v e  f a b r i c s ,  and developed accord ing  
to  th e  o r i e n t a t i o n  between sh ea r  p lan es  and p rev io u s  f a b r i c s .  L oca lly  
t h i s  was fo llow ed  by l a y e r - p a r a l l e l  s h o r te n in g ,  as m an ife s ted  by 
c r e n u la t i o n s ,  sm all  f o l d s ,  and t h in  s e c t i o n - s c a l e  t h r u s t i n g .
Development o f  th e  l a y e r - p a r a l l e l  c h l o r i t e  f o l i a t i o n  and 
p r e s s u r e - s o lu t i o n  c leavage  appea rs  to  be a p a s s iv e  response  to  sediment 
o r  t e c t o n i c  lo ad in g  o f  f l a t - l y i n g  ro c k s .  Subsequent fo ld in g  was 
fo llow ed  by a t r a n s i t i o n  from d u c t i l e ,  p e n e t r a t i v e  sh ea r  to  le s s  d u c t i l e  
c r e n u la t i o n  and s m a l l - s c a le  t h r u s t i n g .  This su g g es ts  changing s t r a i n  
f a b r i c s  d u ring  one d e fo rm ation  e v e n t .  I f  t h i s  i s  so , then  perhaps the
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change in  m ic r o s t r u c tu r a l  s t y l e s  r e f l e c t s  a p ro g re s s iv e  shallow ing o f 
s r u c t u r a l  l e v e l  d u ring  defo rm ation  of the  combined Phi K appa-T rail  Creek 
F orm ation .
M il l ig e n  Formation
Three com ple te ly  unique p e r io d s  o f  defo rm ation  can be d e l in e a te d  
from th e  m ic r o s t r u c tu r e s  in  the  M il l ig e n  Form ation . The f i r s t  p e r io d  of 
de fo rm a tio n  i n i t i a t e d  w ith  pre-m etam orpbic f r a c t u r i n g .  The f r a c tu r e s  
were then  f i l l e d  w ith  q u a r tz ,  and were fo ld ed  along w ith  primary 
la y e r in g .  The fo ld in g  was fo llow ed  by g r e e n s c h is t  f a c i e s  metamorphism 
which r e c r y s t a l l i z e d  th e  m a tr ix  and v e in  q u a r tz  as w e l l  as produced the  
s tro n g  c h l o r i t e  f o l i a t i o n .  The h ig h ly  v a r i a b le  o r i e n t a t i o n  o f  the  
c h l o r i t e  f o l i a t i o n  to  prim ary la y e r in g  su g g es ts  mesoscopic and 
m acroscopic  d e fo rm a tio n  of th e  M il l ig e n  Formation p r i o r  to  metamorphism.
The second s ta g e  o f  d e fo rm ation  i n i t i a t e d  w ith  th e  form ation  of the  
p r e s s u r e - s o lu t i o n  c le a v a g e .  C h lo r i t e  in  the  p r e s s u r e - s o lu t io n  p lanes  
su g g es ts  th a t  th e  p r e s s u r e - s o lu t io n  occurred  a f t e r  metamorphism had 
c ea sed .  This was fo llow ed by p ro p ag a tio n  of a c lo se ly -sp a c e d  f r a c t u r e  
s e t ,  p o s s ib ly  d u ring  un load ing  o f th e  load re s p o n s ib le  fo r  the  
p r e s s u r e - s o lu t i o n  c lea v a g e .
P e rv as iv e  s h e a r in g  and c h l o r i t e  f o l i a t i o n - p a r a l l e l  flowage of the  
M il l ig e n  Form ation s ig n a l  th e  s t a r t  of the  t h i r d  p e r io d  of de fo rm ation . 
T h is  p e n e t r a t i v e  movement o f  th e  rock  d i s ru p te d  p r e e x i s t i n g  p la n a r  
f e a t u r e s ,  and caused t h i n  s e c t i o n - s c a l e  f o ld in g .  Subsequent to  t h i s ,  
s h o r te n in g  was accomodated by c r e n u la t i o n ,  and then  by zonal s h e a r .  The 
l a s t  s ta g e  o f  dynamic s t r a i n  o ccu rred  as  s l i p  on c h l o r i t e  
f o l i a t i o n - p a r a l l e l  f r a c t u r e s  which o f f s e t  a l l  o th e r  s t r a i n  f a b r i c s  in
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th e  M il l ig e n  Form ation .
The sequence o f de fo rm ation  su g g es ts  s e v e ra l  t r a n s i t i o n s  between 
d u c t i l e  and b r i t t l e  s t r a i n  reg im es .  The f i r s t  p e r io d  of deform ation  
inv o lv ed  t r a n s i t i o n  from b r i t t l e  to  d u c t i l e  d e fo rm a tio n .  D u c t i le  to  
b r i t t l e  de fo rm a tio n  c h a r a c t e r i z e s  bo th  th e  second and t h i r d  p e r io d s  of 
d e fo rm a tio n . The cause of th e  t r a n s i t i o n s  i s  n o t obv ious , but the  
r e l a t i v e l y  p a r a l l e l  o r i e n t a t i o n s  o f the  p e n e t r a t i v e  p la n a r  f a b r i c s  in  
the  M il l ig e n  Form ation  su g g es ts  t h a t  th e  bu lk  o r i e n t a t i o n  o f  the  
M il l ig e n  Form ation d id  n o t change a f t e r  the  i n i t i a l  pre-metamorphic 
f o ld in g .  This would sugges t  t h a t  th e  c h l o r i t e  f o l i a t i o n  and the  
p r e s s u r e - s o lu t io n  c leavage  formed under some form of loading w ithou t 
t r a n s l a t i o n  o r o th e r  de fo rm ation  o f th e  M il l ig e n  Form ation . Subsequent 
shear f a b r i c s  p a r a l l e l  to  s u b - p a r a l l e l  to  the  p r e e x i s t i n g  p e n e t r a t iv e  
f a b r i c s  su g g es ts  a h o r i z o n ta l  d e v i a t o r i c  s t r e s s  which a c te d  upon the
M il l ig e n  Form ation , and caused a t r a n s i t i o n  from d u c t i l e  to  b r i t t l e  
sh ea r  f a b r ic s  as the  M il l ig e n  Form ation ro se  to  sha llow er le v e l s  during  
movement on the  P io n ee r  T h ru s t .
GLIDE MOUNTAIN PLATE
The development o f  p e n e t r a t i v e  s t r a i n  f a b r i c s  in  th e  Glide Mountain 
P la te  i s  e n t i r e l y  dependent on p o s i t i o n  w ith  re s p e c t  to  the  Glide 
Mountain T h ru s t .  MTS-15 and MTS-60, c o l l e c te d  from very  c lo se  to  the  
G lide  Mountain T h ru s t ,  have w e l l  developed p e n e t r a t i v e  f a b r i c s .  Other 
samples c o l l e c t e d  from h ig h e r  s t r u c t u r a l  l e v e l s  w ith  re s p e c t  to  the
G lide  Mountain T h ru s t ,  developed no p e n e t r a t i v e  f a b r i c s  d e s p i t e
p ro x im ity  to  the  co re s  o f  meso- and m acroscopic  f o l d s .
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The s t r a i n  h i s t o r y  o f  the  G lide  Mountain P la te  invo lves  i n i t i a l  
b r i t t l e  f r a c t u r i n g  fo llow ed by p e n e t r a t l i v e  s t r a i n  on ly  in  p rox im ity  to  
th e  G lide  Mountain T h ru s t .  The p a t t e r n  o f  s t r a i n  development i s  a 
c l a s s i c  example o f  shallow  le v e l  d e fo rm ation  where p e n e t r a t iv e  s t r a i n  
lo c a l i z e s  n ear  major s u r fa c e s  of t r a n s l a t i o n .
COPPER BASIN PLATE
L i t t l e  Copper Member
The defo rm ation  h i s to r y  of the  L i t t l e  Copper Member e a s i ly  r e l a t e s  
to  the  l a r g e - s c a l e  s t r u c t u r a l  development of the  Copper Basin P l a t e .  
A f te r  an i n i t i a l  b r i t t l e  f r a c t u r i n g ,  l a r g e - s c a l e  fo ld in g  produced a weak 
a x i a l - p l a n a r  c leavage  b e s t  observed  in  o u tc ro p .  The L i t t l e  Copper 
Member never underwent d u c t i l e  de fo rm a tio n , the reby  su gges ting  a shallow 
le v e l  d e fo rm a tio n a l  h i s t o r y .
Drummond Mine Limestone
A f te r  b r i t t l e  de fo rm ation  o f  th e  Drummond Mine Limestone, 
mesoscopic and m acroscopic  fo ld in g  produced the  a x i a l - p l a n a r ,  
p e n e t r a t i v e  p r e s s u r e - s o lu t i o n  c le a v a g e .  The p r e s s u r e - s o lu t io n  cleavage 
was fo llow ed by two s ta g e s  f r a c t u r i n g ,  the  l a s t  being p a r a l l e l  to  the  
p r e s s u r e - s o lu t io n  c le a v a g e .  As w ith  th e  L i t t l e  Copper Member, th e re  i s  
no ev idence  t h a t  th e  Drummond Mine Limestone deformed d u c t i l e y ,  thus 
in d i c a t i n g  shallow  s t r u c t u r a l  l e v e l s  of de fo rm a tio n .
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Upper C la s t i c  Member
D eform ation o f  the  Upper C l a s t i c  Member i n i t i a t e d  w ith  b r i t t l e  
f r a c t u r i n g .  Follow ing t h i s ,  prim ary l a y e r - p a r a l l e l  compression 
(sed im en tary  o r  t e c t o n i c  lo ad in g )  produced the  p r e s s u r e - s o lu t io n  
c le a v a g e .  S ince the  p r e s s u r e - s o lu t i o n  c leavage i s  fo lded  
m e s o s c o p ic a l ly , i t  i s  l i k e l y  t h a t  th e  o f f s e t  observed  in  th in  s e c t io n  
r e s u l t e d  from f l e x u r a l  s l ip p a g e  d u ring  f o ld in g .
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TIM IN G  OF METAMORPHISM
The ages o f  metamorphism of the  p r e -M is s is s ip p ia n  fo rm ations  in  the  
P ionee r  Mountains p rov ide  c r u c i a l  c o n t r o l  on th e  ages of m ic r o s t r u c tu r a l  
de fo rm ation  f o r  th e se  u n i t s .  The M il l ig e n  Form ation and th e  unnamed 
D e v o n ian -S i lu r ian  u n i t  ex p er ien ced  one ep isode  o f metamorphism, w hile  
th e  combined Phi K appa-T ra il  Creek Form ation has experienced  two 
metamorphic e v e n ts .
Evidence fo r  the  age of metamorphism o f th e  M il l ig e n  Formation 
comes from exam ination  o f l i t h i c  fragm ents  in  the  M iss is s ip p ia n  f ly sc h  
of the  Copper B asin  Form ation . L i th i c  fragm ents  in c lu d e  r e c r y s t a l l i z e d  
c h e r t ,  q u a r tz  s i l t i t e s ,  q u a r tz  a r g i l l i t e s ,  p h y l l i t i c  q u a r tz  s i l t i t e s ,  
p h y l l i t i c  q u a r tz  a r g i l l i t e s ,  s i l t y  q u a r tz o se  c h l o r i t e - p h y l l i t e s ,  and 
s i l t y  p h y l l i t e s .  The c h l o r i t e  f o l i a t i o n  o f  th e se  l i t h i c  fragm ents i s  
randomly o r ie n te d  which in d ic a t e s  t h a t  th e  l i t h i c  fragm ents were 
metamorphosed p r i o r  to  d e p o s i t io n .  While a l l  th e se  rock  types a re  
common in  the M il l ig e n  Form ation , they  a re  a l s o  found to  some e x ten t  in  
the  unnamed D e v o n ia n -S i lu r ia n  u n i t  and th e  combined Phi K appa-T rail 
Creek Form ation. However, two f e a tu r e s  unique to  the  M il l ig e n  Formation 
a r e :  1) d i s t i n c t ,  medium- to  f in e - s a n d  s iz e d ,  ovoid p o ly c r y s t a l l i n e
q u a r tz  a g g re g a te s ,  found in  a l l  l i t h o l o g i e s  of th e  M il l ig e n  Formation 
(excep t th e  c a r b o n a te s ) ;  and 2) a g e n e ra l  lack  of opaque, carbonaceous, 
o rg a n ic  m a t te r  compared w ith  t h a t  con ta in ed  in  the  unnamed 
D e v o n ian -S i lu r ian  u n i t  and th e  combined Phi K appa-T ra il  Creek Form ation. 
A la rg e  p ro p o r t io n  (50% to  60%) o f  th e  l i t h i c  fragm ents in  the  f ly s c h  of 
the  Copper Basin  Form ation c o n ta in  p o l y c r y s t a l l i n e  q u a r tz  a g g re g a te s ,  
and lack  a p p re c ia b le  carbonaceous , o rg an ic  m a t t e r .  This  sugges ts  th a t
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th e  M il l ig e n  Form ation was a major source fo r  the  M iss is s ip p ia n  f ly s c h ,  
and t h a t  metamorphism o f th e  M il l ig e n  Form ation  o ccu rred  p r i o r  to  
e ros ion*  The on ly  documented o ro g en ic  even t which could r e g io n a l ly  
metamorphose the  Devonian M il l ig e n  Form ation in  pre-Copper Basin time i s  
th e  Late  Devonian A n t le r  Orogeny
The tem poral r e l a t i o n s h i p  between c o n tac t  metamorphic t r e m o l i t e  and 
r e g io n a l  (? )  metamorphic c h l o r i t e  in  th e  combined Phi K appa-T ra il  Creek 
Formation i s  ambiguous. C ontact metamorphism o f  th e  combined Phi 
K appa-T ra il  Creek Form ation cannot be o ld e r  than  J u r a s s i c  ( th e  o ld e s t  
i n t r u s i v e  rocks to  th e  west of th e  P ionee r  Mountains a re  J u r a s s i c ) .  The 
a l lo ch th o n o u s  n a tu re  o f  th e  J u r a s s i c  i n t r u s i v e  rocks (Ham ilton, 1977) 
in d ic a te s  t h a t  th e  growth o f  t r e m o l i t e  r e s u l t e d  from co n tac t  
metamorphism a s s o c ia te d  w ith  i n t r u s i o n  o f  rocks r e l a t e d  to  the  Idaho 
B a th o l i th  d u ring  the  Late C re taceo u s .  The growth o f l a y e r -  p a r a l l e l  
c h l o r i t e  in  the  combined Phi K appa-T ra il  Creek Formation may be the  
r e s u l t  o f  the  same re g io n a l  metamorphic event which produced the  
c h l o r i t e  f o l i a t i o n  in  th e  M il l ig e n  Form ation during  th e  A n t le r  Orogeny.
Metamorphism o f  the  unnamed D ev o n ian -S i lu r ian  u n i t  i s  d i f f i c u l t  to  
d a te .  The prim ary l a y e r - p a r a l l e l  a sp ec t  o f  i t s  c h l o r i t e  f o l i a t i o n  i s  
s im i l a r  to  th a t  o f  th e  combined Phi K appa-T ra il  Creek Form ation, and 
a ls o  may have r e s u l t e d  from re g io n a l  metamorphism. No d i r e c t  evidence 
o f  c o n ta c t  metamorphism such as th e  d i s o r i e n te d  t r e m o l i t e  ag g reg a te s  in  
the  combined Phi K appa-T ra il  Creek Form ation , e x i s t s  in  the  unnamed 
D ev o n ian -S i lu r ian  u n i t .  P resence  o f  l i t h i c  fragm ents in  the  
M is s is s ip p ia n  f ly s c h  of th e  Copper Basin  Form ation s im i la r  to  rock  types 
in  bo th  the  unnamed D e v o n ia n -S i lu r ia n  u n i t  and th e  combined Phi 
K appa-T ra il  Creek Form ation may i n d ic a t e  p r e -M is s is s ip p ia n  metamorphism
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f o r  b o th  u n i t s .  However, th e se  ro ck  types  a re  s im i la r  to  those  in  the  
M il l ig e n  Form ation which was a source f o r  th e  M is s is s ip p ia n  f ly s c h .  
T h e re fo re ,  ev idence  o f  th e  age o f metamorphism o f the  unnamed 
D ev o n ian -S i lu r ian  u n i t  i s  in c o n c lu s iv e .
In  summary, the  M il l ig e n  Form ation experienced  g re e n s c h is t  f a c ie s  
metamorphism d u r in g  Late Devonian t im e . This metamorphism probably 
o ccu rred  du ring  th e  A n t le r  Orogeny. The prim ary l a y e r - p a r a l l e l  c h l o r i t e  
f o l i a t i o n  o f  th e  unnamed D ev o n ian -S i lu r ian  u n i t  and the  combined Phi 
K appa-T ra il  Creek Form ation su g g es ts  r e g io n a l  metamorphism s im i la r  to  
t h a t  in  the  M il l ig e n  Form ation , in d ic a t in g  a p o s s ib le  r e l a t i o n s h ip  
between the  metamorphism and th e  A n t le r  Orogeny. Contact metamorphism 
of th e  combined Phi K appa-T ra il  Creek Form ation most l i k e l y  r e s u l t e d  
from in t r u s io n  o f  rocks r e l a t e d  to  th e  Idaho B a th o l i th  du ring  the  Late 
C re taceo u s .
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AGES OF MICROSTRUCTURAL DEFORMATIONS
A bsolu te  ages o f  m ic r o s t r u c tu r a l  development of th e  Pa leozo ic  rocks 
in  the  P ioneer  Mountains can be deduced from th e  tim ing  of metamorphism, 
and from the  map r e l a t i o n s h i p s  between th e  major t h r u s t  f a u l t s  and the  
L a te s t  C re taceous to  Eocene i n t r u s i v e  ro c k s .  F ig u res  4 and 5 and P la te  
1 show th e  map and s t r u c t u r a l  r e l a t i o n s h i p s .
D eform ation o f  th e  M is s is s ip p ia n  Copper Basin Formation occurred  in  
two s t a g e s .  N ils e n  (1977) p o s tu la t e d  t h a t  th e  f i r s t  s tag e  involved 
movement o f  the  G lide Mountain P l a t e  over th e  Copper Basin P la te  during  
Middle to  Late  M is s is s ip p ia n  t im e . His evidence comes from an unnamed 
Late M is s is s ip p ia n  u n i t  c o n ta in in g  c l a s t s  which appear to  be d e r ived  
from the  G lide Mountain P l a t e .  However, th e  Wildhorse Thrust a long the  
n o r th e rn  margin o f th e  P ionee r  Window c a r r i e s  the  Glide Mountain P la te  
over the  c r y s t a l l i n e  rocks  o f  th e  P ioneer  Window. T h e re fo re ,  the  
W ildhorse Thrust a long  th e  n o r th e rn  margin o f  th e  P ioneer Window 
occup ies  the  same s t r u c t u r a l  p o s i t i o n  as th e  Glide Mountain T h ru s t ,  and 
must be e q u iv a le n t  to  th e  G lide Mountain T h ru s t .  Since the  Glide 
Mountain P la te  s t r u c t u r a l l y  o v e r l i e s  th e  L a te s t  C retaceous q u a r tz  
d i o r i t e  i n t r u s iv e  sh e e t  in  the  P io n ee r  Window, and i s  in tru d ed  by the  
Eocene g r a n i t i c  s to c k s ,  th e  age o f  th e  G lide Mountain T hrust  i s  
c o n s t r a in e d  to  L a te s t  C retaceous to  Eocene.
The o th e r  phase o f  de fo rm a tio n  o f  th e  Copper Basin Formation 
c a r r i e d  the  Copper Basin  P l a t e  over c r y s t a l l i n e  rocks o f  the  P ioneer 
Window d u ring  movement on th e  W ildhorse T h ru s t .  Near th e  n o r th e a s te rn  
m argin o f  th e  P io n ee r  Window, th e  Copper Basin P la te  s t r u c t u r a l l y  
o v e r l i e s  th e  E as t Fork Form ation , which was sy n k in em atica l ly
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metamorphosed in  L a te s t  C re taceous to  E a r l i e s t  T e r t i a r y  time (Dover, 
1969). Eocene g r a n i t i c  s to ck s  in t ru d e  th e  Copper Basin P l a t e ,  thus  
e s t a b l i s h i n g  a minimum age of d e fo rm ation  as Eocene, and a maximum age 
o f  L a te s t  C retaceous to  E a r l i e s t  T e r t i a r y .
P e n e t r a t iv e  s t r u c t u r a l  de fo rm ation  in  bo th  s t r u c t u r a l  p l a t e s  of the  
Copper Basin  Form ation e a s i l y  r e l a t e s  to  meso— and macroscopic 
de fo rm ation  a s s o c a te d  w ith  movement o f  the  p l a t e s .  T h e re fo re ,  the  ages 
o f  d e fo rm ation  range from L a te s t  C retaceous or E a r l i e s t  T e r t i a r y  to  
Eocene.
Development o f  m ic ro s t ru c tu re s  in  th e  combined Phi K appa-T ra il  
Creek Form ation p robab ly  invo lved  two d i s c r e t e  p h ases .  The f i r s t  s tag e  
produced the  r e g io n a l  (? )  metamorphic prim ary l a y e r - p a r a l l e l  c h l o r i t e  
f o l i a t i o n .  However, a s  no ted  in  th e  p rev ious  s e c t io n ,  the  age of the  
c h l o r i t e  i s  u n c l e a r ,  and i t  i s  p o s s ib le  th a t  the  c h l o r i t e  r e s u l t e d  from 
the  same c o n ta c t  metamophism which produced the  t r e m o l i t e .
The o th e r  p e n e t r a t i v e  f a b r i c s  in  th e  combined Phi K appa-T rail  Creek 
Form ation c l e a r l y  p o s td a te  th e  growth o f  th e  t r e m o l i t e  in  the  Late 
C re taceo u s .  The p r e s s u r e - s o lu t i o n  c leavage c ro s s c u ts  the  t r e m o l i t e ,  
thus  e s t a b l i s h i n g  a maximum age of Late Cretaceous fo r  the  c leavage . 
The sh ea r  f a b r i c  o f  th e  combined Phi K appa-T ra il  Creek Formation 
g e o m e tr ic a l ly  r e l a t e s  to  movement on the  P ioneer  T h ru s t .  The P ioneer 
T hrust  moves th e  Sun V alley  A lloch thon  over the  Glide Mountain P l a t e ,  
the  Copper Basin  P l a t e ,  and over the  c r y s t a l l i n e  rocks o f  the  P ioneer 
Window. This p la c e s  a maximum age o f  E arly  Paleocene on th e  shear 
c leavage  and subsequent m ic r o s t r u c tu r e s  in  the  combined Phi K appa-T ra il  
Creek Form ation . The minimum age o f th e  m ic ro s t ru c tu re s  i s  e s ta b l i s h e d  
by Eocene g r a n i t i c  rocks  which c ro s s c u t  the  p e n e t r a t i v e  f a b r i c s  and the
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P io n ee r  T h ru s t .
The unnamed D e v o n ian -S i lu r ian  u n i t  lacks  co n c lu s iv e  evidence which 
d a te s  th e  p e n e t r a t i v e  m ic r o s t r u c tu r e s  in  i t .  The s i m i l a r i t y  between the  
l a y e r - p a r a l l e l  c h l o r i t e  f o l i a t i o n  in  th e  unnamed D ev o n ian -S ilu r ian  u n i t  
and th e  l a y e r - p a r a l l e l  c h l o r i t e  f o l i a t i o n  in  th e  combined Phi
K appa-T ra il  Creek Form ation su g g es ts  t h a t  they  formed c o e v a l ly .
The unnamed D e v o n ian -S i lu r ian  u n i t  i s  in  t h r u s t  co n tac t  w ith  the  
combined Phi K appa-T ra il  Creek Form ation . This t h r u s t  p a r a l l e l s  primary 
la y e r in g  in  bo th  fo rm ations  su g g es tin g  t h a t  the  unnamed 
D ev o n ian -S i lu r ian  u n i t  moved a long  a s t r a t i g r a p h i e  h o r iz o n .  The lack  of 
sh ea r  f a b r i c s  r e l a t e d  to  movement on t h i s  t h r u s t  in d ic a te s  two th in g s .  
F i r s t ,  movement p robab ly  was no t e x te n s iv e .  Second, i f  the  
l a y e r - p a r a l l e l  p r e s s u r e - s o lu t io n  c leavage had formed p r i o r  to  movement 
on th e  t h r u s t ,  th e  p r e s s u r e - s o lu t io n  c leavage probably  would have been 
a c t i v a t e d  as s l i p  s u r fa c e s  du r in g  th e  t h r u s t i n g .  No evidence fo r
movement on th e  p r e s s u r e - s o lu t io n  s u r fa c e s  e x i s t s ,  sugges ting  t h a t  the  
p r e s s u r e - s o lu t io n  c leavage  formed a f t e r  t h r u s t i n g .  L ikew ise, 
p r e s s u r e - s o lu t io n  s u r fa c e s  in  th e  combined Phi K appa-T ra il  Creek j u s t
benea th  the  t h r u s t  do no t appea r  to  have been a c t iv a te d  as s l i p
s u r f a c e s .  T h e re fo re ,  p r e s s u r e - s o lu t io n  in  bo th  the  unnamed 
D ev o n ian -S i lu r ian  u n i t  and th e  combined Phi K appa-T ra il  Creek Formation 
p robab ly  developed a f t e r  t h r u s t i n g  o f  the  unnamed D ev o n ian -S ilu r ian  u n i t  
over th e  combined Ph i Kappa- T r a i l  Creek Form ation. The primary 
l a y e r - p a r a l l e l  p r e s s u r e - s o lu t io n  c leavage  i s  in f e r r e d  to  be the  r e s u l t  
o f  th e  same Late C re taceous  load ing  even t which produced the  primary 
l a y e r - p a r a l l e l  p r e s s u r e -  s o lu t i o n  c leavage  in  th e  combined Phi 
K ap p a-T ra il  Creek Form ation . Movement on th e  P ionee r  T hrust fo lded  the
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p e n e t r a t i v e  f a b r i c s  o f  the  unnamed D ev o n ian -S i lu r ian  u n i t ,  thus  p lac in g  
a minimum age o f th e  p e n e t r a t i v e  m ic r o s t r u c tu r e s  as Pa leocene .
M ic r o s t r u c tu r a l  de fo rm ation  o f  th e  M il l ig e n  Formation involved 
th re e  d i s c r e t e  phases  as d is c u s s e d  e a r l i e r .  The f i r s t  s tag e  evolved 
b e fo re  and d u r in g  metamorphism of th e  M il l ig e n  Formation to  th e  lower 
g r e e n s c h is t  f a c i e s .  The metamorphic even t produced a c h l o r i t e  f o l i a t i o n  
which c ro s s c u t  p re v io u s ly  fo ld ed  q u a r tz  f i l l e d  f r a c t u r e s  and primary 
l a y e r in g .  Since th e  g r e e n s c h is t  f a c i e s  metamorphism probably  occurred  
d u r in g  th e  A n t le r  Orogeny, i t  fo llow s t h a t  the  m ic r o s t r u c tu r a l  
d e fo rm ation  p reced in g  th e  c h l o r i t e  f o l i a t i o n  most l i k e l y  r e s u l t e d  from 
defo rm ation  d u r in g  th e  A n t le r  Orogeny.
The second s ta g e  of m ic r o s t r u c tu r a l  defo rm ation  o f  the  M ill ig en  
Formation o ccu rred  subsequent to  th e  A n t le r  Orogeny. The complete 
absence o f  p r e s s u r e -  s o lu t io n  c leavage  in  l i t h i c  fragm ents o f  the  
M is s is s ip p ia n  f ly s c h  o f the  Copper Basin Form ation su g g es ts  development 
o f  the  p r e s s u r e - s o lu t i o n  f a b r i c s  a f t e r  th e  M is s is s ip p ia n .  The p a r a l l e l  
to  s u b p a r a l l e l  o r i e n t a t i o n  o f  th e  p r e s s u r e - s o lu t i o n  c leavage to  the  
c h l o r i t e  f o l i a t i o n  in d ic a t e s  t h a t  th e  M il l ig e n  Formation behaved 
p a s s iv e ly  du ring  th e  lo ad ing  even t which produced the  p r e s s u r e - s o lu t io n  
c le a v a g e .  Two p o s s ib le  load ing  ev en ts  may be r e s p o n s ib le  fo r  the  
p r e s s u r e - s o lu t io n  c lea v a g e .  F i r s t ,  d e p o s i t io n  of over 3000 m eters  of 
the  Wood R iver Form ation unconformably on th e  M il l ig e n  Formation could 
have produced th e  p r e s s u r e - s o lu t i o n  c leavage during  th e  Permian. This 
seems somewhat l i k e l y  c o n s id e r in g  t h a t ,  a t  l e a s t  l o c a l l y ,  the  much 
c o a r s e r  g ra in e d  Wood R iver Form ation c o n ta in s  a p r e s s u r e - s o lu t io n  
c leavage  and s u tu re d  g r a in  b o u n d a r ie s .
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The second p o s s ib le  load ing  even t i s  th e  movement o f  the  Wood River 
A llo ch th o n  o v e r  th e  M il l ig e n  F orm ation . Since th e  Wood R iver T hrust i s  
fo ld e d  about axes p a r a l l e l  to  th o se  in  th e  complexly th r u s t  im brica ted  
unnamed D e v o n ia n -S i lu r ia n  u n i t  and combined Phi K appa-T ra il  Creek 
Form ation , i t  i s  l i k e l y  t h a t  th e  Wood R iver T hrust was fo lded  during 
movement on th e  P ionee r  T h ru s t .  T h e re fo re ,  th e  Wood River Thrust 
p re d a te s  movement on th e  P ionee r  T h ru s t .  As seen l a t e r ,  the  Wood River 
T hrust  p robab ly  developed d u rin g  th e  Late C re taceous to  Early  Pa leocene .
At t h i s  p o in t  no l i n e  of ev idence  co nv inc ing ly  a rgues  fo r  e i t h e r  
load ing  h y p o th e s i s .  However, th e re  i s  no reason  why movement of the  
Wood R iver A lloch thon  over th e  M il l ig e n  Formation should have produced a 
p r e s s u r e - s o lu t i o n  f a b r i c .  I t  i s  w orth  n o t in g  t h a t  b e fo re  movement of 
th e  Wood R iver A llo ch th o n , th e  M il l ig e n  Formation a l re a d y  had th e  f u l l  
th ic k n e s s  o f  th e  Wood R iver Formation o v e r ly in g  i t .  Movement of the  
Wood R iver A lloch thon  would n o t  have produced an a d d i t io n a l  loading 
s in c e  the  o v e r ly in g  column of rock  would have had the  same th ic k n e s s .  
T h e re fo re ,  the  sed im en tary  load ing  h y p o th es is  seems to  be the  most 
re a so n a b le  e x p la n a t io n  fo r  the  second s tag e  o f  m ic ro s t ru c tu ra l
defo rm ation  o f  the  M il l ig e n  Form ation .
The t h i r d  s ta g e  of m ic r o s t r u c tu r a l  defo rm ation  in  the  M il l ig e n  
Form ation produced p e n e t r a t i v e  f a b r i c s  g e o m e tr ic a l ly  r e c o n c i la b le  w ith  
Paleocene movement on th e  P ionee r  T h ru s t .  Eocene g r a n i t i c  rocks in tru d e  
and c ro s s c u t  a l l  p e n e t r a t i v e  f a b r i c s  in  th e  M il l ig e n  Form ation, thus 
e s t a b l i s h i n g  th e  minimum age o f m ic roscop ic  defo rm ation  of the  M il l ig e n  
F orm ation .
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The w eakly-developed prim ary  l a y e r - p a r a l l e l  p r e s s u r e - s o lu t io n  
c leav ag e  in  the  Wood R iver Form ation may have r e s u l t e d  from sedim entary 
o r  t e c t o n i c  lo a d in g .  T ec to n ic  load ing  by t h r u s t  im b r ic a t io n  of the  Wood 
R iv e r  A llo ch th o n  cannot be r e s p o n s ib le  fo r  the  p e n e t r a t iv e  
p r e s s u r e - s o l u t i o n  c leavage  s in ce  i t  occu rs  on th e  upper and lower p la t e s  
o f  the  Wood R iver A llo ch th o n . T h e re fo re ,  th e  p r e s s u r e - s o lu t io n  cleavage 
p robab ly  r e s u l t e d  from sed im entary  d ia g e n e s is  during  th e  Permian.
F igu re  6 summarizes th e  co n c lu s io n s  developed in  t h i s  s e c t io n .  
Many o f  the  map r e l a t i o n s h i p s  developed in  t h i s  s e c t io n  w i l l  be used 
l a t e r  to  h e lp  produce a s y n th e s i s  o f  th e  s t r u c t u r a l  e v o lu t io n  o f  the  
P ioneer  M ountains. The n ex t s e c t io n  develops the  p re -A n t le r  Orogeny 
paleogeography o f  c e n t r a l  Idaho in  o rd e r  to  p rov ide  a base  on which to  
c o n s t r u c t  the  s t r u c t u r a l  s y n th e s i s .
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LATE DEVONIAN
First stage of microstructural deformation of the Milligen 
Formation during the Antler Orogeny. Chlorite foliation 
developed in the unnamed Devonian-Silurian unit and the 
combined Phi Kappa-Trail Creek Formation
PERMIAN
Second stage of microstructural deformation of the Milligen 
Formation. Penetrative pressure solution cleavage developed 
in the Wood River Formation ? Both due to loading during 
deposition of the Wood River Formation.
I
LATE CRETACEOUS
Growth of contact metamorphic tremolite in the combined Phi 
Kappa-Trail Creek Formation. Development of penetrative 
pressure solution cleavage in the unnamed Devonian-Silurian 
unit and the combined Phi Kappa-Trail Creek Formation ?
I
LATEST CRETACEOUS to EOCENE
Development of penetrative, axial-planar, pressure solution 
cleavage in the Copper Basin Plate. Development of axial- 




Third stage of microstructural deformation of the Milligen 
Formation. Development of shear fabrics, crenulations, and 
small scale folds in the combined Phi Kappa-Trail Creek 
Formation. Deformation in both formations due to movement 
on the Pioneer Thrust.
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PRE-MISSISSIPPIAN PALEOGEOGRAPHY OF CENTRAL IDAHO
The E arly  P a le o zo ic  sed im en tary  rocks c u r r e n t ly  exposed in  the  
P ionee r  Mountains r e p r e s e n t  c o n t in e n ta l  s h e l f  f a c i e s ,  t r a n s i t i o n a l  
f a c i e s ,  and r i s e  f a c i e s .  Table 1 d e t a i l s  proposed ages , re g io n a l  
c o r r e l a t i o n s ,  and s t r u c t u r a l  s t a t u s e s  f o r  th e se  E arly  P a leozo ic  u n i t s .  
Rocks exposed in  th e  W ildhorse and Dry Canyon Windows inc lude  the  
westernm ost exposures  o f  au tochthonous s h e l f  and upper s lope  
t r a n s i t i o n a l  f a c i e s  rocks in  c e n t r a l  Idaho (Dover and Ross, 1975). The 
a l lo c h th o n o u s  m etased im entary  sequence in  th e  P ioneer Window c o r r e l a t e s  
w ith  s h e l f  rocks in  th e  W ildhorse Window, and probab ly  w ith  s h e l f  rocks 
exposed n o r th  o f  th e  P ionee r  Mountains (Dover, 1980, 1981).
The E arly  P a le o zo ic  sed im entary  rocks  c a r r i e d  in  the  Sun Valley 
A lloch thon  r e p r e s e n t  deepw ater to  t r a n s i t i o n a l  f a c ie s  eu g eo c l in a l  
d e p o s i t s  (R oberts  and Thomasson, 1964; Dover and Ross, 1975; Sandberg 
e t  a l . ,  1975; N i ls e n ,  1977; Poole and Sandberg, 1977; Dover e t  a l . ,  
1980; Dover 1980,1981).
The Devonian paleogeography o f  c e n t r a l  Idaho may be in fe r r e d  by 
combining i n t e r p r e t a t i o n s  from th e  above s tu d ie s .  During Devonian and 
Late S i l u r i a n  t im e , sed im ents  e q u iv a le n t  to  th e  Roberts  Mountains
Form ation were d e p o s i te d  in  a lo c a t io n  in  and near the  p re sen t  p o s i t io n  
o f  the  W ildhorse and Dry Canyon Windows (Dover and Ross, 1975). These 
sedim ents  were d e p o s i te d  between th e  m io g eo c lin a l  s h e l f  and the  
e u g eo c lin e  to  the  w e s t .  The r e l a t i v e l y  h igh  carbonate  con ten t o f  the  
R oberts  Mountains Form ation e q u iv a le n ts  in  th e  P ioneer Mountains
su g g e s ts  d e p o s i t io n  on the  edge of th e  s h e l f  and on th e  upper s lo p e .
This  p la ce s  th e  s h e l f - s lo p e  b reak  a t  o r  s l i g h t l y  e a s t  of the  P ioneer
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M ountains.
Sandberg e t  a l .  (1975) i n t e r p r e t  th e  a l lo ch th o n o u s  M ill ig en  
Form ation as deepw ater t r a n s i t i o n a l  f a c i e s  sedim ents d ep o s i ted  on the  
c o n t in e n t a l  r i s e .  The more c a lc a re o u s  n a tu re  o f  the  p a r t i a l l y  
t im e -e q u iv a le n t  unnamed D e v o n ian -S i lu r ian  u n i t  su g g es ts  d e p o s i t io n  in  a 
s lo p e  environment c lo s e r  to  th e  s h e l f  sedim ent so u rce .
The upward in c re a s e  in  th e  ca rb o n a te  c o n ten t  of th e  combined Phi 
K appa-T ra il  Creek Form ation , and th e  l im i te d  movement of the  unnamed 
D ev o n ian -S i lu r ian  u n i t  over th e  combined Phi K appa-T ra il  Creek Formation 
on a s t r a t i g r a p h i e  h o r iz o n ,  su g g es ts  t h a t  they  were d ep o sited  in  
s t r a t i g r a p h i e  c o n t i n u i t y .  The a l lo ch th o n o u s  E as t Fork Formation 
c o r r e l a t e s  s e d im e n to lo g ic a l ly  and tem p o ra l ly  w ith  q u a r t z i t e s  in  the  
W ildhorse Window (Dover, 1981), and tem p o ra lly  w ith  th e  combined Phi 
K appa-T ra il  Creek Form ation .
The re c o n s t r u c te d  Devonian paleogeography i s  shown g ra p h ic a l ly  in  
P l a t e  2 , p a r t  A.
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STRUCTURAL EVOLUTION OF THE PIONEER MOUNTAINS
The o b je c t  o f  t h i s  s e c t io n  i s  to  p rov ide  a re a so n a b le  model which 
e x p la in s  th e  m a c r o s t r u c tu r a l  and m ic r o s t r u c tu r a l  r e l a t i o n s h ip s  in  the  
rocks  o f  the  P io n ee r  M ountains. The model i s  p re sen te d  in  F igure  7,
w ith  s p e c i f i c  r e f e re n c e  to  P la te  2 , P la t e  2 g ra p h ic a l ly  summarizes the
la r g e - s c a l e  s t r u c t u r a l  e v o lu t io n  o f  th e  rocks  exposed along A-A' and
B-B' on p l a t e  1 (A-A' i s  p ro je c te d  onto B -B ') .
R e la t io n s h ip s  in  F ig u re  5 and P la te  1, which a re  im portan t to  the  
s t r u c t u r a l  model p re s e n te d  in  t h i s  s e c t i o n ,  in c lu d e :  1) th e  Copper
Basin  P la te  i s  in  t h r u s t  c o n ta c t  w ith  th e  E ast Fork Formation; 2) the  
G lide  Mountain P l a t e  i s  in  t h r u s t  c o n ta c t  w ith  the  P ro te ro z o ic  X g n e iss  
complex and the  q u a r tz  d i o r i t e  i n t r u s i v e  s h e e t ;  3) th e  Glide Mountain 
T hrust t r u n c a te s  s t r u c t u r e s  in  th e  Copper Basin P l a t e ;  4) th e  Copper
Basin  P l a t e  s t r u c t u r a l l y  o v e r l i e s  th e  s h e l f  f a c ie s  rocks in  the
W ildhorse and Dry Canyon Windows; 5) the  Glide Mountain P la te  
s t r u c t u r a l l y  o v e r l i e s  th e  unnamed D e v o n ian -S ilu r ian  u n i t ;  6) the  Wood
R iver A lloch thon  s t r u c t u r a l l y  o v e r l i e s  th e  Glide Mountain P la te  along 
the  Wood R iver T h r u s t .  7) the  Wood R iver A lloch thon  i s  in  t h r u s t
c o n ta c t  w ith  th e  complexly t h r u s t  im b rica ted  unnamed D ev o n ian -S ilu r ian  
u n i t  and the combined Phi K appa-T ra il  Creek Formation; 8) th e  Wood
R iver T hrust t r u n c a te s  s t r u c t u r e s  in  the  M il l ig e n  Form ation; 9) the  
complexly th r u s t - i m b r i c a t e d  unnamed D e v o n ian -S ilu r ian  u n i t  and combined 
Phi K appa-T ra il  Creek Form ation s t r u c t u r a l l y  o v e r l i e  c r y s t a l l i n e  rocks 
in  the  P ionee r  Window along  th e  P ionee r  T h ru s t ;  10) the  M ill ig en  
Form ation s t r u c t u r a l l y  o v e r l i e s  th e  Copper Basin P l a t e .  11) the  Eocene 
g r a n i t i c  p lu to n  in  th e  P io n ee r  Window in t r u d e s  a l l  rocks i t  i s  in
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DEVONIAN Plate 2, Part A 
Paleoqroaraphy of central Idaho.
LATE DKVONIAN - Antler Orogeny - Plate 2. Part B
First staqr of deformation Of the Milligen Formation in the Antler 
Highland. Chlorite foliation in unnamed Devonian-Silurian unit and 
combined Phi Kdpp.i-Trai I CreeK Formation?
MISSISSIPPIAN - Plate 2 , Part C
Depoailinn of I he Copper Basin Formation in subsiding foreland trough of 
th*' Antler llicihland.
1
I’ENNSfLAVANIAN-l'EHMIAN - Plate 2, Part D
hepositum of Hntid River Formation on eroded Milligen Formation with DOOB 
meters r»f subsidence of the Milligen Formation. Second stage of deformation 
of the Milligen Formation. Dc*velopinent of weuk layer-parallel pressure 




Contact mi'tamorphiym of the combined Phi Kappa-Trail Creek. Formation 
during intrusion of Idaho Batholith related rocks. Development of 
Iyer-parnllei pressure solution cleavage in the unnamed Devonian-Silurian 
unit and the combined Phi Kappa-Trail Creek Formation.
LATEST CRETACEOUS - Plate 2, Part E
Intrusion of quartz diorite intrusive sheet near shelf-slope break domes 
and metamorphosis overlying sediments, and forms East Fork and Kyndiiian 
Peak Formations.
1
LATEST CRETACEOUS TO PALEOCENE - Plate 2. Part F
Propagation of the Wildhorse Thrust along the base of the Wood River 
Formation and Copper Basin Formation. The Wildhorse Thrust cuta down 
section at the dcxned area near the shelf-sope break and forms a thrust 
duplex <c.f. Boyer and Elliot, 1B82) involving the Roberts Mountains 
Formation equivalents, the East Fork Formation, the Hyndman Peak 
Formation, the Proterozoic X gneiss complex, and the quartz diorite 
intrusive sheet. The duplex is moved over the Roberts Mountains 
Formation rqoivalents. Shortening in the duplex is about 25 - 30 KM.
Folding of the Upper Clastic Member, the Drummond Mine Limestone, and the 
Little Copper Member forma the axial plane cleavage of the Copper Basin 
Plate. Deformation associated with the thrust duplex forms a penetrative 
foliation in the East Fork Formation, the Hyndman Peak Formation, and the 
Quartz diorite intrusive sheet.
I
PALEOCENE - Plate 2. Part G
Propagation of the Glide Mountain Thrust through the Milligen Formation, 
the unnamed Devonian-Silurian unit, the combined Phi Kappa-Trail Creek 
Formation, and upsecLion through the Copper Basin Formation (forms the 
Glide Mountain Plate), and through the basement thrust duplex. Movement 
on the Glide Mountain Thrust forms a thrust duplex in the unnamed Devonian- 
Silurian unit and the combined Phi Kappa-Trail Creek Formation. The duplex, 
the Milligen Formation and the wood River Allochthon are transported toward 
the crystalline rocks in the Pioneer Window. Flysch facies in the Clide 
Mountain Plate am transported over distal facies in the Copper Basin 
Plate. The third stage of deformation of the Milligen Formation and the 
equivalent deformation in the combined Phi Kappa-Trail Creek Formation 
occur during movement along the Glide Mountain Thrust. Shear Fabrics in 
the Glide Mountain Plate develop in proximity to the Glide Mountain Thrust.
LATE PALEOCENE - Plate 2, Part M
T)ie Pioneer Thrust splays off the Glide Mountain Thrust, and juxtaposes 
the thrust duplex of the unî amed Devonian-Silurian unit and combined 
Phi Kappa-Trail Creek Formation over the crystalline rocks in the Pioneer 
Window. This is a continuation of the third stage of deformation of the 
Milligen Formation.
EOCENE - Plate 2, Part I
The Eocene quartz monzonite intrudes and domes the rocks in the Pioneeer 
Mountains. Erosian results in the present topography of the Pioneer 
Mountains.
FIGURE 7 Model o f S tructura l Evolution of 
the Pioneer Mountains
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c o n ta c t  w i th .  Th is  i s  in  v a r ia n c e  to  D over 's  1981 i n t e r p r e t a t i o n  in  
which he f e e l s  t h a t  th e  c o n ta c t  between th e  Eocene p lu to n  and the  
s t r u c t u r a l  p l a t e s  o f  th e  Copper Basin Formation i s  a "minor" t h r u s t  
f a u l t .
The Late Devonian pa leo g eo g rap h ic  r e c o n s t r u c t io n  i s  based on the  
p reced in g  s e c t i o n ,  and on th e  fo llo w in g  assum ptions: 1) a p ass iv e
c o n t in e n ta l  m argin w i th  an average  s lo p e  o f  4 degrees  and a width of 100 
km; 2) the  th ic k n e s s e s  o f  p re -M is s i s s ip p ia n  u n i t s  a re  as p re sen ted  in  
Table 1; 3) th e  rocks  in  th e  W ildhorse and Dry Canyon Windows a re
au tochthonous o r  p a rau to ch th o n o u s .
O ther assum ptions  used to  g ra p h ic a l ly  r e p re s e n t  the  la rg e  s c a le  
s t r u c t u r a l  e v o lu t io n  o f  th e  P ionee r  Mountains in c lu d e :  1) a t  l e a s t  3000
m ete rs  o f  subsidence  o f  th e  M il l ig e n  Formation during  d e p o s i t io n  of the  
Wood R iver Form ation; 2) f l e x u r a l  beh av io r  of the  E a r th 's  c ru s t  ( i . e .  
non-Airy su b s id en ce ;  Watts e t  a l . ,  1982); 3) upto 100 km o f l a t e r a l
t r a n s l a t i o n  o f  the  M il l ig e n  Formation (Dover, 1980,1981), 50 to  80 km of 
movement o f  th e  G lide  Mountain P la te  (N ilse n ,  1977), 20 to  35 km of
movement o f  th e  Wood R iver A lloch thon  and the  Copper Basin P la te  (H all 
e t  a l . , 1974; N i ls e n ,  1977; Dover, 1980, 1981).
S evera l  i n t e r e s t i n g  r e s u l t s  come from the  model in  F igure  7 and the
s t r u c t u r a l  r e c o n s t r u c t io n  developed in  P la te  2 . These in c lude  the
fo l lo w in g :  1) The P ionee r  T h ru s t  mapped by Dover (1981) i s  a l a t e - s t a g e
sp lay  o f f  th e  G lide  Mountain T h ru s t ,  and has 10 to  15 km of o f f s e t .  
Dover (1980, 1981) p re v io u s ly  f e l t  t h a t  th e  P ioneer  T hrust was
re s p o n s ib le  fo r  more than  100 km of movement o f  the  Sun Valley
A llo c h th o n ; 2) th e  Wood R iver T h ru s t  and th e  W ildhorse T hrust which
c a r r i e s  the  Copper Basin  P l a t e  a r e  e q u iv a le n t  to  each o th e r ;  3) the
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W ildhorse T hrust which c a r r i e s  the  Copper Basin P l a t e ,  ac ted  as a roo f 
t h r u s t  fo r  a basement t h r u s t  duplex ( c . f .  Boyer and E l l i o t ,  1982) which 
i s  now exposed in  th e  P io n ee r  Window; 4) th e  Wood R iver Thrust a c ted  as 
a ro o f  t h r u s t  f o r  a duplex  which r e s u l t e d  in  the  complex th r u s t  
im b r ic a t io n  o f  th e  unnamed D e v o n ian -S i lu r ian  u n i t  and the  combined Phi 
K ap p a-T ra il  Creek Form ation; 5) movement on th e  Wood R iver T hrust must 
be o f  L a te s t  C re taceous  to  E a r ly  Paleocene age s in ce  i t  i s  e q u iv a len t  to  
th e  Copper B asin  T h ru s t ;  6) th e  Wood R iver T hrust  was r e a c t iv a te d  as 
the  ro o f  t h r u s t  m entioned in  4) above f o r  a s h o r t  d u ra t io n ;  and 7) the  
downflexing o f  th e  E a r t h ' s  c r u s t  d u ring  d e p o s i t io n  of the  Wood R iver 
Formation may be r e s p o n s ib le  f o r  p o s t - c h l o r i t e  f o l i a t i o n ,  
p r e - p r e s s u r e - s o lu t io n  f r a c t u r e s  in  th e  second s tag e  o f  m ic ro s t ru c tu ra l  
de fo rm ation  o f the  M il l ig e n  Form ation . The downf lex in g  may a l s o  be
r e s p o n s ib le  f o r  some o f  th e  e a r ly  f r a c tu r e s  in  th e  Copper Basin 
Form ation .
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SUMMARY OF CONCLUSIONS
This  s e c t io n  summarizes th e  most im portan t conc lus ions  reached in  
th e  p reced in g  s e c t i o n s ,  1) M ic ro s t ru c tu re s  in  the  M ill ig en  Formation 
r e p r e s e n t  th r e e  d i s t i n c t  s ta g e s  o f  de fo rm a tio n . The f i r s t  s tage  
in c lu d e s  f r a c t u r i n g ,  f o ld in g ,  and th e  growth o f a c h l o r i t e  f o l i a t i o n .  
This  s ta g e  p robab ly  o ccu rred  d u ring  th e  A n t le r  Orogeny. The second 
s ta g e  o f  de fo rm ation  o f th e  M il l ig e n  Form ation r e s u l t e d  in  two s tag es  of 
f r a c t u r i n g  and a p e n e t r a t i v e  p r e s s u r e - s o lu t io n  c leav ag e . The f r a c tu r in g  
and p r e s s u r e - s o l u t i o n  c leavage  most l i k e l y  r e s u l t e d  from sedim entary 
load ing  and subs idence  d u r in g  d e p o s i t io n  of th e  Wood River Formation in  
Pennsy lvan ian  and Permian Time. The t h i r d  s tag e  of m ic ro s t ru c tu ra l  
d e fo rm ation  o f  th e  M il l ig e n  Form ation produced shear f a b r i c s ,  
c r e n u la t i o n s ,  c r e n u la t i o n  c lea v a g e ,  and f r a c t u r e s .  This s tag e  r e s u l te d  
from movement on th e  P ionee r  T h ru s t  d u ring  Middle and Late Paleocene . 
2) The unnamed D e v o n ian -S i lu r ian  u n i t  and th e  combined Phi K appa-T rail 
Creek Formation underwent seemingly p a r a l l e l  m ic r o s t r u c tu r a l  deform ation  
h i s t o r i e s .  The f i r s t  p e n e t r a t i v e  f a b r i c  in  th e se  u n i t s  i s  an undated , 
prim ary  l a y e r - p a r a l l e l  c h l o r i t e  f o l i a t i o n .  The combined Phi K appa-T rail 
Creek Form ation c o n ta in s  Late C retaceous co n tac t  metamorphic t r e m o l i t e .  
A prim ary  l a y e r - p a r a l l e l  p r e s s u r e - s o lu t i o n  c leavage cut the  t r e m o l i t e ,  
and a l s o  formed in  th e  unnamed D ev o n ian -S i lu r ian  u n i t  a t  the same tim e. 
F u r th e r  p e n e t r a t i v e  s m a l l - s c a le  de fo rm ation  d id  not a f f e c t  the  unnamed 
D e v o n ia n -S i lu r ia n  u n i t .  The combined Phi K appa-T ra il  Creek
Form ation c o n ta in s  sh ea r  f a b r i c s  which cu t th e  p r e s s u r e - s o lu t io n  
c le a v a g e ,  and a l s o  c o n ta in s  c r e n u la t i o n s  and s m a l l - s c a le  f o ld s .  The 
sh ea r  f a b r i c s ,  c r e n u la t i o n s ,  and fo ld s  g e o m e tr ic a l ly  r e l a t e  to  movement
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on th e  P io n ee r  T h ru s t ,  and c o r r e l a t e  w ith  the  t h i r d  s tag e  of 
m ic o s t r u c tu r a l  d e fo rm a tio n  in  the  M il l ig e n  Form ation. 3) The Wood River 
Form ation c o n ta in s  on ly  a w eak ly -deve loped , prim ary l a y e r - p a r a l l e l  
p r e s s u r e - s o l u t i o n  c le a v a g e .  This  c leavage  formed by sedimentary 
d ia g e n e s is  d u r in g  th e  Permian, and may c o r r e l a t e  tem pora lly  w ith  the  
p r e s s u r e - s o l u t i o n  c leavage  in  th e  M il l ig e n  Form ation. 4) 
M ic r o s t r u c tu r a l  d e fo rm a tio n  o f  th e  G lide Mountain P la te  developed only 
in  p ro x im ity  to  th e  G lide  Mountain T h ru s t .  The p e n e t r a t iv e  f a b r i c s  
in c lu d e  a p r e s s u r e - s o l u t i o n  c leavage  and a shear f a b r i c .  The 
p r e s s u r e - s o lu t io n  c leavage  i s  a x i a l - p l a n a r  to  mesoscopic fo ld s  formed 
d u ring  movement o f  th e  G lide Mountain P l a t e .  5) The Copper Basin P la te  
o f  the  Copper Basin  Form ation c o n ta in s  a p e n e t r a t i v e ,  a x ia l - p la n a r  
p r e s s u r e - s o lu t io n  c le a v a g e .  The a x i a l  p lane  c leavage formed in  the  
co res  o f  meso- and m acroscopic  fo ld s  d u ring  movement of the  Copper Basin 
P l a t e .  E x tens ive  f r a c t u r i n g  a l s o  c h a r a c te r i z e s  the  Copper Basin P l a t e .  
6) The P ioneer T hrust o f  Dover (1980, 1981) i s  a l a t e - s t a g e  sp lay  o f f  
the  G lide Mountain T h ru s t .  Although Dover (1980,1981) e s t im a te s  over 
100 km o f  t r a n s l a t i o n  on th e  P io n ee r  T h ru s t ,  th e  r e c o n s t r u c t io n  
p re s e n te d  in  P l a t e  2 in d i c a t e s  t h a t  on ly  10 to  15 km of movement 
o c c u r re d .  7) The Wood R iver  T h rus t  and the  W ildhorse Thrust which 
c a r r i e s  the  Copper Basin  P l a t e  a re  s t r u c t u r a l l y  eq u iv a len t  to  each 
o t h e r .
The A n t le r  Orogeny in  Idaho , as  r e p re se n te d  in  the  M ill ig en  
Form ation , d i f f e r s  in  s e v e ra l  a s p e c ts  from th e  A n tle r  Orogeny in  Nevada. 
F i r s t ,  th e re  i s  no evidence  t h a t  the  A n t le r  Orogeny in  Idaho included 
m ajor t h r u s t i n g .  Evidence fo r  t h i s  may be obscured by younger te c to n ic  
a c t i v i t y ,  and by l a t e r  igneous a c t i v i t y  in  w este rn  Idaho. The lack  of
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sh ea r  f a b r i c s  in  c l a s t s  o f  th e  f ly s c h  f a c i e s  o f  the  Copper Basin 
Form ation su g g es ts  t h a t  l i t t l e  o r  no th r u s t i n g  occurred  during  the  
A n t le r  Orogeny in  Id ah o . Second, The A n t le r  Orogeny in  Idaho produced a 
metamorphic f a b r i c ,  a f e a tu r e  t h a t  d id  no t develop in  Nevada (Speed and 
S leep ,  1982). T h i rd ,  th e  A n t le r  Orogeny in  Idaho occurred  in  Late 
Devonian time o n ly ,  whereas in  Nevada, th e  A n t le r  Orogeny s t a r t e d  in  the 
Late Devonian and co n tin u ed  th rough  th e  M is s is s ip p ia n  (McKee, 1976; 
Smith and K e tn e r ,  1975, 1977; Speed and S leep , 1982)
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a ppend ix  B: MICROSTRUCTURAL DESCRIPTIONS
F o r t y - f i v e  t h i n  s e c t i o n s  o f  th e  E a r ly  to  L a te  P a le o z o ic  sed im en ta ry  
ro c k s  i n  th e  P io n e e r  M ountains p ro v id e  d a ta  n e c e s s a ry  f o r  i n t e r p r e t a t i o n  
o f  th e  s t r u c t u r a l  e v o lu t io n  o f  th e  P io n e e r  M ountains. Thin  s e c t i o n s  
from  th e  Sun V a lley  A llo c h th o n  in c lu d e  tw elve  from th e  M i l l ig e n  
F o rm a t io n ,  f i v e  from th e  unnamed D e v o n ia n -S i lu r ia n  u n i t ,  and f i v e  from 
th e  combined P h i K a p p a -T ra i l  Creek F o rm atio n . Seven t h i n  s e c t io n s  from 
th e  Wood R iv e r  A llo c h th o n  a re  com prised o f  two t h i n  s e c t i o n s  o f  th e  
low er u n i t  o f  th e  Wood R iv e r  Form ation  and f i v e  from th e  upper u n i t  of 
th e  Wood R iv e r  F o rm a tio n .  Seven t h i n  s e c t i o n s  from th e  G lide  Mountain 
P l a t e  and n in e  from th e  Copper B as in  P l a t e  (one from th e  Upper C l a s t i c  
Member, f i v e  from th e  Drummond Mine L im estone , and t h r e e  from th e  L i t t l e  
Copper F o rm atio n )  make up th e  t h i n  s e c t i o n s  o f  th e  Copper Basin  
Fo rm ation  ( s e e  P l a t e  1 fo r  sample l o c a t i o n s ;  n o te  t h a t  sam ples a r e  
l a b l e d  MTS-n and c o r r e l a t e  w i th  f i e l d  s t a t i o n s  la b le d  MT-n).
The t h i n  s e c t i o n s  a r e  o r i e n t e d  ap p ro x im a te ly  p e r p e n d ic u la r  to  
p e n e t r a t i v e  f a b r i c s  in  each  sam ple . G e n e ra l ly  t h i s  in c lu d e s  a t  l e a s t  
one t h i n  s e c t i o n  ab o u t normal to  p r im ary  l a y e r i n g .  Where s e v e r a l  
o r i e n t a t i o n s  o f  p e n e t r a t i v e  s t r u c t u r e s  e x i s t ,  t h i n  s e c t io n s  normal to  
a l l  p e n e t r a t i v e  s t r u c t u r e s  a r e  u s e d .  The t h i n  s e c t io n s  were ground to  
0 .0 3 0  m i l l i m e t e r s  t h i c k n e s s ,  and were examined w i th  a p o l a r i z i n g  l i g h t  
m ic ro sco p e  u s in g  b o th  p la n e  l i g h t  and c ro s se d  n i c o l s .
O b se rv a t io n s  from  each  t h i n  s e c t i o n  in c lu d e  l i t h o l o g y ,  p rim ary  
d e p o s i t i o n a l  f e a t u r e s ,  and m i c r o s t r u c t u r e s .  O b se rv a t io n s  o f  l i t h o l o g y  
and p r im ary  d e p o s i t i o n a l  f e a t u r e s  a r e  summarized in  Appendix A. 
O b s e rv a t io n s  o f  m i c r o s t r u c t u r e s  aim  a t  d e s c r ib in g  b o th  p e n e t r a t i v e  and
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sp aced  f e a t u r e s  and th e  a n g u la r  and tem p o ra l r e l a t i o n s h i p s  between them. 
From th e  o b s e r v a t i o n s ,  i n t e r p r e t a t i o n s  o f  th e  s t r u c t u r a l  and d u c t i l i t y  
h i s t o r i e s  o f  th e  ro c k  were made f o r  each  t h i n  s e c t i o n .  A l l  o f  t h i s  
in f o r m a t io n  i s  s y n th e s iz e d  f o r  each  fo rm a t io n  and p re s e n te d  in  t h i s  
a p p e n d ix .
WOOD RIVER ALLOCHTHON
Wood R iv e r  F orm ation
Samples o f  th e  Wood R iv e r  F o rm atio n , from th e  Wood R iver  
A l lo c h th o n ,  were c o l l e c t e d  from w i th in  20 m e te rs  o f  th e  Wood R iver  
T h ru s t  to  ov e r  500 m e te rs  above th e  t h r u s t .
P e n e t r a t i v e  d e fo rm a t io n  in  th e  Wood R iv e r  A llo c h th o n  i s  weakly 
d e v e lo p e d ,  and i s  e x p re s s e d  as  a p r im ary  l a y e r - p a r a l l e l ,  p e n e t r a t i v e ,  
p r e s s u r e - s o l u t i o n  c le a v a g e .  The c lea v a g e  i s  d e f in e d  by f l a t t e n e d  and 
s u tu r e d  q u a r t z  and c a l c i t e  g r a i n s ,  and by in s o lu b le  r e s id u e s  (m ica s ,  
opaque m i n e r a l s ,  and o r g a n ic s )  in  th e  c lea v a g e  p l a n e s .  Development o f  
p r e s s u r e - s o l u t i o n  f e a t u r e s  i s  c o n t r o l l e d  by p ro x im ity  to  th e  c o re s  of 
m a p -sc a le  f o ld s  i n  th e  Wood R iv e r  A l lo c h th o n .  Only samples MTS-35b, 
MTS-36, and MTS-62 have p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  f e a t u r e s  and th e se  
were c o l l e c t e d  i n  th e  c o re s  o f  f o l d s .  L i th o lo g ie  c o n t r o l  was e x h ib i t e d  
on th e  m ic ro s c o p ic  s c a l e  in  MTS-36 where p e n e t r a t i v e  p r e s s u r e  s o l u t i o n  
was b e s t  dev e lo p ed  in  c a l c i t e  r i c h  l a y e r s .
O th e r  i n d i c a t i o n s  o f  i n t e r n a l  s t r a i n  in  th e  Wood R iv e r  A llo c h th o n  
in c lu d e  s t r a i n e d  q u a r t z  g r a i n s  and tw in n ed , r e c r y s t a l l i z e d ,  c a lc a re o u s  
f o s s i l  f r a g m e n ts .
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W id ely -sp aced  ( g r e a t e r  th a n  2 cm ), c a l c i t e - f i l l e d  f r a c t u r e s  cu t  th e  
p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  c le a v a g e  o f  MTS-36 and MTS-62 a t  an a n g le  
o f  a b o u t  70 d e g r e e s .  A second s e t  o f  c a l c i t e - f i l l e d  f r a c t u r e s  developed  
p a r a l l e l  to  th e  p r e s s u r e - s o l u t i o n  c le a v a g e  in  MTS-62, and c r o s s c u t s  th e  
s t e e p l y  i n c l i n e d  f r a c t u r e s .  The c a l c i t e  in  b o th  f r a c t u r e s  e x h i b i t s  
tw in n in g  and s u t u r i n g .
SUN VALLEY ALLOCHTHON
Unnamed D e v o n ia n - S i lu r i a n  U nit
Samples o f  th e  unnamed D e v o n ia n - S i lu r ia n  u n i t  were c o l l e c t e d  from a 
na rro w  ran g e  o f  s t r u c t u r a l  l e v e l s  w i th  r e s p e c t  to  t h r u s t  f a u l t s  w i th in  
th e  Sun V a lley  A l lo c h th o n .  Because o f  th e  in te n s e  t h r u s t  im b r ic a t io n  o f  
th e  unnamed D e v o n ia n - S i lu r i a n  u n i t ,  samples were c o l l e c t e d  from w i th in  
10 m e te r s  to  l e s s  th a n  150 m e te rs  above a t h r u s t  s u r f a c e .
P e n e t r a t i v e  s t r a i n  was developed  in  most samples o f  th e  unnamed 
D e v o n ia n - S i lu r i a n  u n i t .  P e n e t r a t i v e  s t r a i n  formed a w eak ly - to  
m o d e r a te ly -  dev e lo p ed  c h l o r i t e  f o l i a t i o n  (MTS-39, MTS-41,MTS-42b) and a 
w e l l -d e v e lo p e d  p r e s s u r e - s o l u t i o n  c lea v a g e  (MTS-41, MTS-42a, MTS-42b).
The c h l o r i t e  f o l i a t i o n  p a r a l l e l s  s m a l l - s c a l e  p rim ary  l a y e r in g .  I t  
i s  d e f in e d  by an  e x tre m e ly  s t r o n g  p r e f e r r e d  o r i e n t a t i o n  o f  ve ry  
f i n e - g r a i n e d  c h l o r i t e .  The c h l o r i t e  grew most s t r o n g ly  in  q u a r tz -p o o r  
l a y e r s  i n d i c a t i n g  s t r o n g  l i t h o l o g i e  c o n t r o l  on i t s  developm ent « The 
c h l o r i t e  f o l i a t i o n  p a r a l l e l s  l a y e r in g  everyw here , and o c c u r re d  a t  a l l  
l e v e l s  sam pled .
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The p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  c lea v a g e  deve loped  p a r a l l e l  to  
b o th  th e  p r im ary  l a y e r in g  and th e  c h l o r i t e  f o l i a t i o n .  In  g e n e ra l  i t  i s  
d e f in e d  by f l a t t e n e d  and a l i g n e d  q u a r t z  and c a l c i t e  g r a i n s ,  and by 
i n s o l u b l e  r e s i d u e s  (opaque m in e ra l s  and o r g a n ic s )  in  th e  c leav ag e  
p la n es*  The p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  c lea v a g e  formed in  a l l  
l i t h o l o g i e s  sam pled , and a t  a l l  s t r u c t u r a l  l e v e l s .
The unnamed D e v o n ia n - S i lu r i a n  u n i t  c o n ta in s  s e v e r a l  s e t s  o f  
q u a r t z - f i l l e d  f r a c t u r e s  a t  th e  t h i n  s e c t i o n  s c a l e .  One s e t  p re d a t in g  
developm ent o f  th e  c h l o r i t e  f o l i a t i o n  and p r e s s u r e - s o l u t i o n  c lea v a g e  i s  
c u t  and  w r in k le d  by th e  p r e s s u r e - s o l u t i o n  c le a v a g e .  A l l  o th e r  s e t s  
c r o s s c u t  th e  p e n e t r a t i v e  f a b r i c s ,  and v a ry  from 25 to  80 d eg rees  to  th e  
p e n e t r a t i v e  f a b r i c s .  No movement has o c c u r re d  on any o f  th e  
p o s t - f o l i a t i o n  f r a c t u r e  s e t s .
Combined P h i K a p p a -T ra i l  Creek F orm ation
Samples o f  th e  combined P h i K a p p a -T ra i l  Creek Form ation  were 
c o l l e c t e d  from v a r io u s  s t r u c t u r a l  l e v e l s  w i th in  th e  Sun V a lley  
A l lo c h th o n .  I n te n s e  t h r u s t  im b r ic a t io n  r e s t r i c t e d  sam ples to  s t r u c t u r a l  
l e v e l s  r a n g in g  from w i th in  20 m e te rs  to  l e s s  th a n  100 m ete rs  above a 
t h r u s t .
P e n e t r a t i v e  s t r a i n  d eve loped  in  a l l  samples o f  th e  combined Phi 
K a p p a -T ra i l  C reek F o rm a t io n .  P e n e t r a t i v e  f a b r i c s  in c lu d e  a 
m o d e ra te ly -d e v e lo p e d  c h l o r i t e  f o l i a t i o n  (MTS-38a, MTS-43), a
m o d e ra te ly -d e v e lo p e d  p r e s s u r e - s o l u t i o n  c lea v a g e  (MTS-17, MTS-38a, 
MTS-38b) ,  a  w e l l -d e v e lo p e d  s h e a r  f a b r i c  (MTS-17, MTS-38a, MTS-38b, 
MTS-43) ,  and c r e n u l a t i o n s  (MTS-43).
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The c h l o r i t e  f o l i a t i o n  i s  d e f in e d  by a v e ry  s t ro n g  p r e f e r r e d  
o r i e n t a t i o n  o f  f i n e - g r a i n e d  c h l o r i t e  p a r a l l e l  to  p rim ary  l a y e r i n g .  The 
f o l i a t i o n  formed on ly  i n  p e l i t i c  sam ples , and w i th in  th e s e  samples i t  
form ed i n  th e  p e l i t i c  l a y e r s .  The c h l o r i t e  f o l i a t i o n  was found a t  a l l  
s t r u c t u r a l  l e v e l s  sam pled .
P e n e t r a t i v e  p r e s s u r e - s o l u t i o n  c lea v a g e  deve loped  p a r a l l e l  to  
p r im ary  l a y e r i n g .  I t  i s  d e f in e d  by f l a t t e n e d  and a l ig n e d  q u a r t z  g r a i n s ,  
by f l a t t e n e d  and c r o s s c u t  t r e m o l i t e ,  and by in s o lu b le  r e s id u e s  (opaque 
m in e r a l s  and o r g a n ic s )  i n  th e  c lea v a g e  p l a n e s .  P e n e t r a t i v e  
p r e s s u r e - s o l u t i o n  o c c u r re d  i n  a l l  sam ples exam ined, b u t  developed  b e s t  
i n  th e  more s i l i c e o u s  l a y e r s .  S t r u c t u r a l  l e v e l  and geometry do n o t  
a f f e c t  th e  p re se n c e  o f  th e  p r e s s u r e -  s o l u t i o n  c leav ag e  in  th e  combined 
P h i K a p p a -T ra i l  Creek F o rm a tio n .
The s h e a r  f a b r i c  d eve loped  a t  v a ry in g  o r i e n t a t i o n s  to  p rim ary  
l a y e r i n g .  Where i t  d eve loped  p a r a l l e l  to  p rim ary  l a y e r i n g ,  sh e a r  i s  
p e r v a s i v e .  Where th e  s h e a r  d eve loped  a t  an an g le  to  p rim ary  la y e r in g  , 
i t  became z o n a l ,  and t r a n s p o s e d  l a y e r in g  i n t o  th e  sh ea r  c le a v a g e .  The 
s h e a r  c le a v a g e  i s  d e f in e d  by f a u l t e d  and r o t a t e d  d e t r i t a l  q u a r tz  g r a in s  
w i th  p r e s s u r e  shadows, f a u l t e d  t r e m o l i t e ,  and t r a n s p o s e d  prim ary  
l a y e r i n g .  L i th o lo g i e  v a r i a t i o n  had l i t t l e  a f f e c t  on th e  degree  to  which 
th e  s h e a r  c le a v a g e  d e v e lo p e d .  While s t r u c t u r a l  l e v e l  does n o t  a f f e c t  
th e  p re s e n c e  o f  th e  s h e a r  c le a v a g e ,  p r e e x i s t i n g  d e fo rm a tio n  does show a 
s t r o n g  c o n t r o l .
Small c r e n u l a t i o n s  w i th  a x i a l  p la n e s  ab o u t normal to  th e  c h l o r i t e  
f o l i a t i o n  (and p r im ary  l a y e r i n g )  and d i r e c t i o n  o f  s h e a r , occu r  in  
domains in  th e  most c h l o r i t i c  sample examined (MTS-43). The 
r e l a t i o n s h i p  betw een developm ent o f  c r e n u l a t i o n s  and l e v e l  w i th  r e s p e c t
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to  t h r u s t  f a u l t s  i s  u n c l e a r  s in c e  o n ly  one sample c o n ta in ed  
c r e n u l a t i o n s .
T h in  s e c t i o n - s c a l e  t h r u s t i n g ,  found o n ly  in  MTS-43, o f f s e t s  a l l  
p e n e t r a t i v e  f a b r i c s .  A s m a l l - s c a l e  f o ld  o v e r tu rn e d  and broke p a r a l l e l  
t o  i t s  a x i a l  p l a n e .  T h is  y ie ld e d  a s m a l l - s c a l e  t h r u s t  s l i g h t l y  i n c l i n e d  
to  th e  c h l o r i t i c  f o l i a t i o n  , w i th  abou t 2 mm o f o f f s e t .
O th e r  m ic ro s c o p ic  s t r a i n  f e a t u r e s  in c lu d e  und u lo se  q u a r tz  g r a i n s ,  
and s u tu r e d  q u a r t z - q u a r t z ,  q u a r t z - t r e m o l i t e , and t r e m o l i t e - t r e m o l i t e  
g r a i n  b o u n d a r ie s .  One s e t  o f  q u a r t z  f i l l e d  f r a c t u r e s  o f f s e t s  th e  t h i n  
s e c t i o n  s c a l e  t h r u s t  in  MTS-43, b u t no o t h e r  m a n i f e s t a t i o n s  o f  b r i t t l e  
d e fo rm a t io n  d ev e lo p ed  a t  th e  t h i n  s e c t i o n  s c a l e  in  th e  combined Ph i 
K a p p a -T ra i l  C reek  F o rm a tio n .
M i l l ig e n  F orm ation
Samples o f  th e  M i l l ig e n  F o rm a tio n ,  in  th e  Sun V a lley  A llo c h th o n ,  
were c o l l e c t e d  from s t r u c t u r a l  l e v e l s  ran g in g  from w i th in  30 m e te rs  of 
th e  P io n e e r  T h ru s t  to  o v e r  900 m e te rs  above th e  t h r u s t .
The M i l l ig e n  F orm ation  i s  ex tre m e ly  deformed on th e  t h i n - s e c t i o n  
s c a l e .  Three s t a g e s  o f  m i c r o s t r u c t u r a l  d e fo rm a tio n  were reco rd ed  in  th e  
M i l l i g e n  F o rm atio n ,  two o f  which formed s e v e r a l  p e n e t r a t i v e  s t r u c t u r a l  
f a b r i c s .  J u x ta p o s e d  w i th  th e  p é n é t r â t i l v e  f a b r i c s  a r e  s e v e r a l  
g e n e r a t io n s  o f  q u a r t z —f i l l e d  f r a c t u r e s  ( v e i n s ) .  Each f r a c t u r e  s e t  
f i l l e d  w i th  q u a r t z  b e fo re  th e  n e x t  d e fo rm a t io n ,  th e re b y  e s t a b l i s h i n g  a 
c l e a r  r e c o rd  o f  c r o s s c u t t i n g  r e l a t i o n s h i p s .
P e n e t r a t i v e  s t r a i n  f a b r i c s  were found i n  a l l  samples (ex c ep t  
MTS-29), and in c lu d e  a w e l l -d e v e lo p e d  c h l o r i t e  f o l i a t i o n  (MTS-2, MTS-3, 
KTS-S, MTS-lOa, MTS-20, MTS-28, MTS-63), m o d e ra te ly -d ev e lo p e d
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p r e s s u r e - s o l u t i o n  c le a v a g e  (MTS-lOb, MTS-12, MTS-13, MTS-63),
s t r o n g l y - e x p r e s s e d  s h e a r  c le a v a g e  (MTS-2, MTS-8, MTS-20, MTS-63),
w e l l -d e v e lo p e d  f low  f o l i a t i o n  (MTS-8, MTS-lOa, MTS-20), 
s t r o n g ly - d e v e lo p e d  s h e a r  zones (MTS-3, MTS-lOb, MTS-13, MTS-20, MTS-63), 
w e ak ly -  to  s t ro n g ly - d e v e lo p e d  c r e n u l a t i o n s  (two g e n e r a t i o n s ;  MTS-lOa, 
MTS-20, MTS-63), and m o d e ra te ly -d e v e lo p e d  c r e n u l a t i o n  c leav ag e  (MTS-20, 
MTS-63).
The c h l o r i t e  f o l i a t i o n  r e s p o n s ib l e  f o r  th e  p h y l l i t i c  n a tu r e  of th e  
M i l l ig e n  F o rm atio n  formed a t  a n g le s  ra n g in g  from 10 to  90 d e g re e s  to  
p r im ary  l a y e r i n g .  I t  i s  d e f in e d  by a v e ry  s t ro n g  p r e f e r r e d  o r i e n t a t i o n  
o f  c h l o r i t e .  The d eg ree  to  which th e  c h l o r i t e  f o l i a t i o n  developed 
r e l a t e s  s t r o n g ly  to  l i t h o l o g i e  v a r i a t i o n .  I t  i s  b e s t  developed  in  th e  
p e l i t i c  l a y e r s ,  and i s  n e a r ly  a b s e n t  i n  th e  very  q u a r tz o se  
r e c r y s t a l l i z e d  c h e r t s .  S t r u c t u r a l  l e v e l  had no e f f e c t  on th e  p re sen ce  
o f  th e  c h l o r i t e  f o l i a t i o n .
The p r e s s u r e - s o l u t i o n  c lea v a g e  developed  a t  a n g le s  ran g in g  from 0 
to  66 d e g re e s  t o  p r im ary  l a y e r i n g ,  b u t  i s  p a r a l l e l  to  s u b - p a r a l l e l  to  
th e  c h l o r i t e  f o l i a t i o n .  P r e s s u r e - s o l u t i o n  f e a t u r e s  in c lu d e  f l a t t e n e d  
and s u tu r e d  q u a r t z  g r a i n s ,  a l i g n e d  c h l o r i t e  in  th e  c le a v a g e ,  and 
i n s o l u b l e  r e s id u e s  (opaque m i n e r a l s ,  and o r g a n ic s )  in  th e  c leav ag e  
p l a n e s .  P r e s s u r e - s o l u t i o n  p r e f e r e n t i a l l y  developed  in  th e  most 
q u a r tz o s e  sam ples exam ined. I t  i s  e i t h e r  o v e r p r in te d  by o th e r  f a b r i c s ,  
o r  n e v e r  formed in  a l l  o th e r  s am p les .  In  some c a s e s  th e  
p r e s s u r e - s o l u t i o n  c le a v a g e  i s  a x i a l - p l a n a r  to  m icro— and m esoscopic  
f o l d s ,  and t h e r e f o r e ,  seems a l s o  to  be c o n t r o l l e d  by s t r u c t u r a l  
g e o m etry .  However, th e  p r e s s u r e - s o l u t i o n  c leav ag e  o n ly  ap p ea red  in  
sam ples from h ig h e r  s t r u c t u r a l  l e v e l s  w i th  r e s p e c t  to  th e  P io n ee r
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T h r u s t .
Flow f o l i a t i o n  p a r a l l e l  to  th e  c h l o r i t e  f o l i a t i o n  i s  ex p re ssed  as 
g e n t l e  f o l d i n g  o f  p r im ary  l a y e r i n g ,  and a s  an  an as tam osing  netw ork of 
s l i p  s u r f a c e s .  The f low  f o l i a t i o n  deve loped  on ly  in  th e  most p h y l l i t i c  
r o c k s ,  b u t  o c c u r s  a t  a l l  s t r u c t u r a l  l e v e l s  sam pled .
The s h e a r  c le a v a g e  in  th e  M i l l ig e n  F orm ation  developed  a t  a n g le s  
r a n g in g  from 25 to  60 d e g re e s  to  p r im ary  l a y e r i n g .  The sh ea r  c leav ag e  
i s  e x p re s s e d  a s  an a n as tam o sin g  ne tw ork  o f  s l i p  s u r f a c e s  which 
f r e q u e n t l y  bound augen o f  t r a n s p o s e d  p rim ary  la y e r in g  and q u a r tz  g r a i n s .  
O th e r  m a n i f e s t a t i o n s  o f  movement on th e  s h e a r  c leav ag e  in c lu d e  r o t a t e d  
q u a r t z  g r a i n s ,  f l o a t i n g  m ic ro s c o p ic  f o l d s ,  and o f f s e t  p rim ary  l a y e r in g ,  
q u a r t z  v e i n s ,  and q u a r t z  g r a i n s .  While th e  b u lk  l i t h o lo g y  o f  the  
M i l l ig e n  F o rm atio n  d id  n o t  c o n t r o l  th e  developm ent o f  th e  sh ea r  
c l e a v a g e ,  p r e e x i s t i n g  f a b r i c  a n i s o t r o p i e s  d i d .  Where th e  c h l o r i t e  
f o l i a t i o n  was s t r o n g ly - d e v e lo p e d ,  th e  s h e a r  c lea v a g e  developed  p a r a l l e l  
to  s u b - p a r a l l e l  to  i t .  S t r u c t u r a l  l e v e l  d id  n o t  c o n t r o l  th e  fo rm a tio n  
o f  th e  s h e a r  c l e a v a g e .
Of a more dom ainal n a tu r e  a r e  p e n e t r a t i v e  sh ea r  zones w i th in  15 
d e g re e s  o f  th e  s h e a r  c le a v a g e  o r  th e  c h l o r i t e  f o l i a t i o n .  They a re  
d e f in e d  by narrow  ( l e s s  th a n  0 .5  mm) zones o f  anas tam osing  s l i p  s u r f a c e s  
w hich t r u n c a t e  p r im ary  l a y e r in g  , q u a r t z  v e i n s ,  f low  f o l d s ,  
c r e n u l a t i o n s ,  and d e t r i t a l  q u a r t z  g r a i n s .  The s h e a r  zones developed  in  
d iv e r s e  l i t h o l o g i e s ,  and o v e r  a wide range  o f  s t r u c t u r a l  l e v e l s  w i th  
r e s p e c t  to  th e  P io n e e r  T h r u s t .
C r e n u la t io n s  i n  th e  M i l l ig e n  F orm ation  have a x i a l  p la n e s  v a ry in g  
from  norm al to  p a r a l l e l  to  p r im ary  l a y e r i n g .  Two s e t s  o f  o r th o g o n a l ly  
o r i e n t e d  c r e n u l a t i o n s  d e v e lo p ed  in  sam ples MTS-20 and MTS-63, and one
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s e t  o f  ' f l e x u r a l '  c r e n u l a t i o n s  was found in  MTS-lOa. The c r e n u la t i o n s  
a r e  d e f in e d  by b e n t  c h l o r i t e  g r a i n s ,  fo ld e d  c h l o r i t e  f o l i a t i o n ,  and 
f o ld e d  p r im ary  l a y e r i n g .  L i t h o l o g i e  v a r i a t i o n  l im i t e d  c r e n u la t i o n s  to  
th e  most p h y l l i t i c  s am p les ,  b u t  th e  ' f l e x u r a l '  c r e n u l a t i o n s  formed in  a 
s i l t y  a r g i l l i t e  l a y e r .  I n  th e  f i e l d ,  c r e n u l a t i o n s  were found a t  a l l  
s t r u c t u r a l  l e v e l s .
The c r e n u l a t i o n  c le a v a g e  i s  a x i a l - p l a n a r  to  th e  f i r s t  g e n e r a t io n  o f  
c r e n u l a t i o n s ,  and i s  abou t p e r p e n d ic u la r  to  th e  c h l o r i t e  f o l i a t i o n .  The 
c r e n u l a t i o n  c le a v a g e  c u t s  and o f f s e t s  p r im ary  l a y e r in g  and th e  c h l o r i t e  
f o l i a t i o n  by a s  much as  1mm. C r e n u la t io n  c lea v a g e  formed on ly  in  the  
most p h y l l i t i c  r o c k s ,  b u t  d ev e lo p ed  th ro u g h o u t  th e  Sun V alley  
A l lo c h th o n .
S e v e ra l  g e n e r a t io n s  o f  q u a r t z - f i l l e d  f r a c t u r e s  (now v e in s )  evolved  
i n  th e  M i l l ig e n  F o rm a t io n .  The f r a c t u r e s  formed a t  a l l  a n g le s  to
p r im ary  l a y e r i n g ,  in  a l l  ro c k  t y p e s ,  and a t  a l l  s t r u c t u r a l  l e v e l s  w i th
r e s p e c t  to  th e  P io n e e r  T h r u s t .  F r a c tu r e s  formed and f i l l e d  b e fo re
metamorphism o f  th e  M i l l ig e n  F orm ation  a r e  r e c y s t a l l i z e d ,  and have 
g r a d a t i o n a l  b o u n d a r ie s  w i th  th e  a r g i l l i t i c  m a t r ix .  F r a c tu r e s  p o s td a t in g  
metamorphism have d i s t i n c t  b o u n d a r ie s  w i th  th e  su r ro u n d in g  ro c k .
Pre-m etam orph ic  q u a r t z - f i l l e d  f r a c t u r e s  were found in  s e v e r a l
sa m p le s .  They a r e  t i g h t l y  fo ld e d  , t r u n c a t e d ,  and c u t  by a l l  
p e n e t r a t i v e  f a b r i c s , and in  p la c e s  have been  t ra n s p o se d  in to  th e  sh ea r  
c le a v a g e .
Four o th e r  f r a c t u r e  s e t s  deve loped  d u r in g  v a r io u s  pos t-m etam orph ic  
d e fo rm a t io n  s t a g e s  o f  th e  M i l l ig e n  F o rm atio n .  These ran g e  from a 
c l o s e ly - s p a c e d  ( l e s s  th a n  2mm) f r a c t u r e  c lea v a g e  to  f r a c t u r e s  more than  
1cm a p a r t .  P r e e x i s t i n g  f a b r i c  a n i s o t r o p y  in f lu e n c e d  th e  o r i e n t a t i o n  o f
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two f r a c t u r e  s e t s  w hich d ev e lo p ed  p a r a l l e l  to  th e  c h l o r i t e  f o l i a t i o n .  
Movement on one o f  th e  c h l o r i t e  f o l i a t i o n - p a r a l l e l  f r a c t u r e  s e t s  o f f s e t s  
p r im ary  l a y e r i n g ,  v e i n s ,  zo n a l  s h e a r  c le a v a g e ,  and c r e n u l a t i o n s .
GLIDE MOUNTAIN PLATE
Samples o f  th e  Copper B as in  Fo rm ation  from th e  G lide  Mountain P la te  
were c o l l e c t e d  from  w i th in  15 m e te rs  to  o v e r  700 m e te rs  above th e  G lide 
M ountain  T h r u s t .
P e n e t r a t i v e  s t r a i n  was deve loped  i n  o n ly  two sam ples . P e n e t r a t i v e  
f a b r i c s  o f  MTS-13 in c lu d e  a p r e s s u r e - s o l u t i o n  c leav ag e  and a sh ea r  
c l e a v a g e .  MTS-60 on ly  deve loped  a s h e a r  c le a v a g e .
The p r e s s u r e - s o l u t i o n  c le a v a g e  o f  MTS-15 i s  a x i a l - p l a n a r  to  
m eso sco p ic  f o l d s .  I t  i s  d e f in e d  by f l a t t e n e d  q u a r t z  g r a in s  and 
i n s o l u b l e  r e s i d u e s  ( e . g .  opaque m in e r a l s )  in  th e  c lea v a g e  p la n e s .  The 
p r e s s u r e - s o l u t i o n  c le a v a g e ,  a c c e n tu a te d  by a s t ro n g  p r e f e r r e d  
o r i e n t a t i o n  o f  d e t r i t a l  m ic a s ,  deve loped  most s t r o n g ly  in  h ig h ly  
q u a r t z o s e  l a y e r s .  E vidence f o r  s l i p  o r  flow age p a r a l l e l  to  the  
p r e s s u r e - s o l u t i o n  c le a v a g e  in c lu d e s  f lo w - fo ld e d  p rim ary  la y e r in g  and 
o f f s e t  q u a r t z - f i l l e d  f r a c t u r e s .
Shear in  MTS-60 i s  d e f in e d  by th ro u g h -g o in g ,  narrow  zones o f  ve ry  
c l o s e l y  spaced  ( l e s s  th a n  10 m ic ro n s )  f r a c t u r e s  which cu t and o f f s e t  
n o n -m a tr ix  d e t r i t a l  g r a i n  b o u n d a r ie s .
O th e r  n o n - p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  f e a t u r e s  in  th e  G lide  
M ountain  P l a t e  in c lu d e  f l a t t e n e d  q u a r t z  and l i t h i c  g r a i n s ,  abundant long 
o r  concavo-convex  g r a i n  b o u n d a r ie s ,  r a r e  s u tu re d  g r a in  b o u n d a r ie s , and 
i n s o l u b l e  r e s i d u e s .  C o m p re s s io n - r e la te d  f e a t u r e s  a s s o c a te d  w i th  the  
p r e s s u r e - s o l u t i o n  s t r u c t u r e s  in c lu d e  m icaceous l i t h i c  fragm en ts  squeezed
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i n t o  th e  m a t r i x ,  b e n t  d e t r i t a l  m icas and l i t h i c  g r a i n s ,  and weak to  
m o d e ra te  p r e f e r r e d  o r i e n t a t i o n  o f  d e t r i t a l  m icas .  The 
n o n - d i r e c t i o n a l i t y  o f  t h e  n o n - p e n e t r a t i v e  p r e s s u r e - s o l u t i o n  f e a t u r e s  
s u g g e s t s  p r e s s u r e  s o l u t i o n  from l i t h o s t a t i c  s t r e s s .
Two g e n e r a t i o n s  o f  w id e ly -s p a c e d  q u a r t z - f i l l e d  f r a c t u r e s  formed in  
th e  G lid e  M ountain P l a t e .  The f i r s t  i s  cu t  by th e  p e n e t r a t i v e  f a b r i c s ,  
and th e  q u a r t z  f i l l i n g  i s  h ig h ly  s t r a i n e d .  O ther samples c o n ta in in g  
s i m i l a r  f r a c t u r e s  w i th  h ig h ly  s t r a i n e d  q u a r t z  f i l l i n g s ,  su g g es t  t h a t  the  
f r a c t u r e s  p r e d a te  t h e  p e n e t r a t i v e  f a b r i c s .  The second s e t  o f  f r a c t u r e s  
c l e a r l y  c r o s s c u t s  th e  s h e a r  c le a v a g e  o f  MTS-60.
COPPER BASIN PLATE
L i t t l e  Copper Member
Two sam ples o f  th e  L i t t l e  Copper Member were c o l l e c t e d  from w i th in  
60 m e te r s  o f  th e  W ildhorse  T h r u s t .  The t h i r d  sample (MTS-50) was 
c o l l e c t e d  from an  unknown s t r u c t u r a l  l e v e l  w ith  r e s p e c t  to  th e  W ildhorse  
T h r u s t .
Weak p e n e t r a t i v e  s t r a i n  in  th e  form o f  a p r e s s u r e - s o l u t i o n  c leav ag e  
e v o lv ed  i n  a l l  t h r e e  sam ples o f  th e  L i t t l e  Copper Member. The p r e s s u r e  
s o l u t i o n  c le a v a g e  d e v e lo p ed  p a r a l l e l  to  th e  a x i a l  p la n es  o f  m acroscopic  
f o l d s ,  and i s  o r i e n t e d  a t  v a ry in g  a n g le s  to  prim ary  l a y e r i n g .  I t  i s  
d e f in e d  by s l i g h t l y  f l a t t e n e d  d e t r i t a l  q u a r t z  g r a i n s ,  squeezed or 
sm eared ou t m icaceous  l i t h i c  f r a g m e n ts ,  and by in s o lu b le  r e s id u e s  
(m ic a s ,  opaque m i n e r a l s ,  and i r o n  o x id e s )  in  th e  c leav ag e  p la n e s .  
V a r i a t i o n  o f  l i t h o l o g y  and s t r u c t u r a l  l e v e l  d id  n o t  c o n t r o l  development 
o f  th e  p r e s s u r e  s o l u t i o n  c le a v a g e .
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One s e t  o f  f r a c t u r e s  formed a t  th e  t h i n  s e c t i o n  s c a l e .  The 
f r a c t u r e s  a r e  w id e ly  spaced  ( g r e a t e r  th a n  6mm) and q u a r tz  f i l l e d .  The 
p e n e t r a t i v e  p r e s s u r e  s o l u t i o n  c le a v a g e  c r o s s c u t s  th e  f r a c t u r e s .
Drummond Mine L im estone
Samples o f  th e  Drummond Mine L im estone came from w i th in  100 m e te rs  
o f  th e  G lid e  M ountain T h r u s t ,  an unknown d i s t a n c e  above th e  W ildhorse  
T h r u s t .
A w e l l -d e v e lo p e d  a x i a l - p l a n a r ,  p r e s s u r e - s o l u t i o n  c leav ag e  formed in  
a l l  sam ples o f  t h e  Drummond Mine Lim estone ex cep t  MTS-49. The 
p r e s s u r e - s o l u t i o n  c le a v a g e  i s  d e f in e d  by f l a t t e n e d  and t r u n c a te d  c a l c i t e  
g r a i n s  and c a lc a r e o u s  f o s s i l  f r a g m e n ts ,  s l i g h t l y  a l ig n e d  q u a r t z  g r a i n s ,  
and i n s o l u b l e  r e s i d u e s  (m ic a s ,  opaque m in e r a l s ,  i r o n  o x id e s ,  and 
o r g a n i c s )  in  th e  c le a v a g e  p l a n e s .  V a r ia t io n s  i n  l i t h o l o g y  and 
s t r u c t u r a l  l e v e l  had no a f f e c t  on th e  developm ent o f  th e  p e n e t r a t i v e  
p r e s s u r e - s o l u t i o n  c le a v a g e .
S e v e ra l  g e n e r a t io n s  o f  c a l c i t e - f i l l e d  f r a c t u r e s  formed in  the  
Drummond Mine L im es tone . F r a c tu r e s  p r e d a t in g  th e  p r e s s u r e - s o l u t i o n  
c le a v a g e  a re  c u t  and fo ld e d  to  v a ry in g  d eg re e s  by th e  c le a v a g e .  
F r a c t u r e s  p o s td a t in g  th e  p r e s s u r e -  s o l u t i o n  c leav ag e  c r o s s c u t  b o th  th e  
c le a v a g e  and th e  e a r l i e r  f r a c t u r e s .  These in  tu r n  a r e  c r o s s c u t  by 
u n f i l l e d  f r a c t u r e s  p a r a l l e l  to  th e  p r e s s u r e -  s o l u t i o n  c le a v a g e .
Upper C l a s t i c  Member
The sample from  th e  Upper C l a s t i c  Member was c o l l e c t e d  from an 
unknown s t r u c t u r a l  l e v e l  above th e  W ildhorse  T h r u s t .
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P e n e t r a t i v e  s t r a i n  in  th e  Upper C l a s t i c  Member i s  ex p ressed  as a 
p r im ary  l a y e r - p a r a l l e l ,  zo n a l  p r e s s u r e - s o l u t i o n  c le a v a g e .  The c leavage 
i s  d e f in e d  by f l a t t e n e d  q u a r t z  and l i t h i c  g r a i n s ,  squeezed  ou t micaceous 
l i t h i c  f r a g m e n ts ,  and in s o u b le  r e s i d u e s  (opaque m in e ra ls  and i ro n  
o x id e s )  i n  th e  c le a v a g e  s u r f a c e s .  The c le a v a g e ,  b e s t -d e v e lo p e d  in  the  
more s i l i c e o u s  l a y e r s ,  o c c u rs  a s  narrow  zones ( l e s s  than  1 mm wide) 
a b o u t  1 mm a p a r t .  Minor s l i p  in  a  few o f  th e  th e  p r e s s u r e - s o l u t i o n  
zones o f f s e t  some o f  th e  l i t h i c  f r a g m e n ts .
A c l o s e l y - s p a c e d ,  i r o n - o x i d e - f i l l e d  f r a c t u r e  c leav ag e  i s  o r i e n te d  
a p p ro x im a te ly  norm al to  th e  p r e s s u r e - s o l u t i o n  c le a v a g e .  The 
p r e s s u r e - s o l u t i o n  c le a v a g e  c u t s ,  b u t  does n o t  o f f s e t  or f o ld  th e  
f r a c t u r e s .
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